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(g) Cephem compounds, processes for their preparation, pharmaceutical compositions containing them and their starting 

compounds. 
(57) Cephem compounds of the formula: 
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and their preparation. 
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wherein R 1 is amino or a protected amino, 
R 2 is lower alkyl, 
R 3 is hydrogen or lower alkyl, 
R 4 is hydrogen, acyloxy(lower)alkyl, acyl- 
thio(lower)alkyl or a heterocyclic- 
thio(lower)alkyi which may be substituted with 
suitable substituent(s) and 
R* is carboxy or a protected car boxy, and - 
pharmaceutical^ acceptable salt thereof and process for their 
preparation, and also a pharmaceutical composition compris- 
ing, as an effective ingredient, the above compound in associ- 
ation with a pharmaceutically acceptable, substantially non- 
toxic carrier or excipient. The invention also relates to the 
starting compounds 
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NEW CEPHEM COMPOUNDS AND 
PROCESSES FOR PREPARATION THEREOF 

• This invention relates to new cephem compounds . 
More particularly, it relates to new 7-substituted-3- 
cephem-4-carboxylic acid and pharmaceutical!/' 
acceptable salt thereof, which have antimicrobial 
activities, and processes for preparation thereof, to 
intermediate for preparing the same and processes for 
preparation thereof, and to pharmaceutical composition 
comprising the same and methods of using the same 
prophylactically and therapeutically fox treatment of 
infectious diseases in human being and animals. 

Accordingly, the objects of this invention are to 
provide : - 

new 7-substituted-3-cephem-4-carboxylic acid and 
pharmaceutic ally acceptable salt thereof, which. exhibit 
excellent antimicrobial activities against a wide variety 
of pathogenic microorganisms incj.idi.ig Gram, negative and 
Gram positive bacteria, * 

Processes fcr preparation of the same, 
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pharmaceutical composition comprising one o£ the 
same as an active ingredient, and 

a method o£ using the same prophylactically and 
" therapeutically for treatment of infectious diseases 
S caused by pathogenic microorganisms in human being 
and animals; and further 

intermediate to be used for preparation of 
pharmaceutical^ active 7-substituted-3-cephem-4- 
carboxylic acid or pharmaceutical^ acceptable salt 
10 thereof and processes for preparation thereof. . 

The object 7-'substituted-3-cephem-4-carboxylic 
acid is novel and can be represented by the following 
general formula (I) . 



IS 




wherein R is amino or a protected amino, 
20 R is lower alkyl, 

R 3 is hydrogen or lower alkyl, 
R 4 is hydrogen, acyloxy( Lower.) alkyl , 
2S acylthio (lower) alkyl or a heteTOcyclicthio 

(lower) alkyl which may be substituted with 
suitable substituent(s) and 
R S is carboxy or a protected carboxy. 
According to the present invention, the object 
30 7-substituted-3-cephem-4-carboxylic acid (I) can be 
prepared by the following processes. 
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at the amino group or a tive at the carboxy 

salt thereof group or a salt thereof 
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or a salt thereof 



Elimination of the 
protective group 
of carboxy 
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Process 3 
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ot a' salt thereof or its. reactive derivative 
' ' '* ' at the mercapto group 



N . C 

* 2 
OR 



-s^-A-S-R 



4b 



(Id) 
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Process 4 
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or a salt thereof 



Elimination. o*f the 
protective group of 
■amino . 
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or a salt thereof 
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wherein rJ r 2 , r 3 , r 4 and rS are each as defined &bwe . 

R . is a protected carboxy; 
4 & 

R is a group which can be substituted by a 

group R 4b -S- wherein R 4b is acyl or a 

heterocyclic group which may be substituted 

with suitable substituent(s) ; 

A is lower alkylene; 
4b 

R is as defined above; 
4c 

R is a heterocyclicthio (lower) alkyl substituted 
with protected amino (lower )allcyl or protected amino; and 

R is a heterocyclicthio (lower) alkyl substituted 
with amino (lower) alkyl or amino. 
Among the starting- compounds of the present invention, 
the compound (III) is novel and can be prepared by the 
following preparations . 

(i) halogenation £ Introduction 

ft-H (Ji)MSCN. N—.C00R 6 o£ the Protective 

H 2 N-!i-COOR 6 — im K z xJjj~ group of ammo 

(V) (VII) C2) 

or a sa.lt thereof 
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Acid and/or ••• JC^^OCOSR 7 »* .• * " . 
ac id anhydride , R la — l s ? v < / .Hydrolysis , 
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. Elimination. 
- -< " 'of 'the protective 
group "of amino 



Kic — C-CQOH.^ 



r-'rvV or a salt thereof 
NT-C-CGOH 
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wherein R 2 is as defined above, 

R 6 is a protective group of carboxy, 
M is an alkali metal, 
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R la is a protected amino and 
R 7 is lower alkyl. 

Ia the object compound (I) and the starting compound 
(III} , the partial structure represented by the formula : 

- C - CO - 

0 

N 

S 2 
0 - R* 

is to be understood to include both of the geometrical 
structures represented by the formulae :- 

- C - CO - - C - CO - 
H 2 311(1 ? If 

N - 0 - R R - 0 - N 

CA) (A«) 

la this specification, with regard to all the compounds 
having the above meatioaed partial structure, the com- 
pounds having the geometrical structure shown by the 
formula (A) are referred to as "syn isomer" and the 
compounds having the alternative one showa by the 
formula (A«) as "anti isomer". 

Regarding the object compound of the formula (I) 
and the starting compound of the formula (III) as 
mentioned above, it is also to be understood that said 
object and starting compounds may include tautomeric 
isomers relating to their thiadiazolyl group. That 
is, in case that the group represented by the formula: 
0 1 -N:a- t , . j\ . 

* T S< JJ (wherein R is amino or a protected amino) in 

formula of said object and starting compounds take the 

formula: .N-^- . 

I A X C B ) (wherein R is as defined above), 
R S 

said group of the formula: y^s^ may be also 
alternatively represented by its tautomeric formula: 



^"^v CB') (wherein- R 1 - is i'miho -or a- protected 

R 1' A S* , •! • 

imino). sThat is, both of. the. said. g^oup ..£B.) and C3') 
may.be in the state of. equilibrium as -so-xalled tauto- 
meric forms which can be represented by the following 
equilibrium: 

. . .^s^ ,^^^ ...... . ; 

(b) 1 " cbt - . •>■ 

(wherein R 1 fid R 1 ' are each as defined above) . ^ 

In the present specification including claims 
and examples, .the object and. starting compounds having 
said group are represented by using one of the 
expressions the ref or., , name ly the formula : . . . ,. 

•t .N — r- " •■ *• ' - •: 

'a \ only for the convenient sake . 

R ' (B) . • \ ♦ • : ; ' ' * 

• Suitable rpharmaceutically acceptable salts. at. 

the object compound (I) are conventional ; noA- toxic,. 

salts and -may . include . an inorganic, salt, fox. example, 

a metal salt such as an alkali metal, salt (e.g., , 

sodium salt,' potassium, salt >- etp .) and an alkaline ..earth 

metal salt (e ? g. , calcium- sait^ ma.gn.esium saU, .e^c.) , 

ammonium salt etc. ; • r. .• ■ r . , .; - 

an- organic salt, for example,, an! organic amine .salt 
(e.g., trimethylamine salt, triethylamine salt, pyridine 
salt'!' procaine salt, picoline salt,' dicyclohexylamihe 
salt', N.N'-'dibenzylethylene-diamine salt, tf-methy.Lglu- 
camine salt, diethanolamine salt, triethanolamine salt,- 
tris (hydroxyme thy 1 amino) methane salt , 'pheny-lethyl- 
benzylamine salt, dibenzylethylenediamine salt, etc.) 

etc.: 

an organic -carbaxylic or sulfonic acid salt 0<g*> 
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acetate, maleate, tartrate, me thane sulfonate , benzene - 
sulfonate, toluenesulfonate, etc.); an inorganic acid 
salt, (e.g., hydrochloride, hydrobromide, sulfate, 
phosphate, etc.); 

a salt with a basic or acidic amino acid (e.g., arginine, 
aspartic acid, glutamic acid, lysine, etc.) and the like. 

In the above and subsequent descriptions of the 
present specification, suitable examples and 
illustration of the various definitions which the present 
invention intends to include within the scope thereof 
are explained in detail as follows , 

The term "lower" is used to intend a group having 
1 to 6 carbon atom(s) , unless otherwise provided. 

Suitable protected amino may include an acylamino 
and amino gToup substituted by a conventional 
proptective group other than the acyl group, such as 
ar ( lower) alky 1 (e.g., benzyl, trityl, etc.) ar(lower)- 
alkylidene (e.g., benzylidene , e tc . ) , lower alkylidene 
substituted with lower alkoxycarbonyl or di(lower)- 
alkylamino (e . g . , l-ethoxycarbonyl-2-propylidene , 
dime thyiamihome thy lene, etc.), phosphono or the like. 

Suitable protected imino may include an acylimino 
and imino gToup substituted by a conventional 
protective group other than the acyl group such as 
aforesaid ar (lower) alkyl or the like. 

Suitable acyl and acyl" moiety in the terms 
"acylamino", "acylimino", "acyloxy (lower) alkyl" and 
"acylthio (lower) alkyl" may include carbamoyl, aliphatic 
acyl group and acyl group containing an aromatic or 
heterocyclic ring. And, suitable examples of the 
said acyl may be lower alkanoyl (e.g., formyl, acetyl, 
propionyl, butyryl, isobutyryl, valeryl, isovaleryl,. 
oxalyl, succinyl, pivaloyl, etc.), preferably one 
having 1 to 4 carbon atom(s), more preferably one 
having 1 to 2 carbon atom(s); 
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lower alkoxycarbonyl having 2 to 7 carbon, atoms (e.g., 
methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl,. 1- 
cycloprop'ylethoxycarbonyl, isopropoxycarbonyl, butoxy- 
carbonyl, t-butoxycarboayl, pentyloxycarbonyl, t- 
S peatyloxycarbonyl, hexyloxycarbonyl, etc.), preferably 
one having 3 to 6 carbon atoms; . 
lower alkanesulfonyl (e.g., mesyl, ethanesulfoayl, 
propanesulfonyl, isopropanesulfonyl, butanesulf onyl , 

etc.); 

10 arenesulfonyl (e.g., benzenesulfoayl, tosyl, etc.); 

aroyl (e.g., benzoyl, toluoyl, naphthoyl, phthaloyl, 
indancarbonyl , etc.); 

ar(lower)alkanoyi (e.g., phenylacetyl, phenylpropionyl , 

etc.); ..." ' . 

15 ar (lower) alkoxycarbonyl (e.g. benzyloxycarbonyl, 

phenethyloxycarbonyl, etc.); and the like. 

The acyl and acyl moiety as stated above may have 

1 to 3 suitable substituent (s) such, as halogen (e.g., 

chlorine, bromine, iodine or fluorine), hydroxy, cyano, 

20 nitro, lower alkoxy (e .g. , methoxy , .ethoxy , piopoxy,. 

isopropoxy, etc.), lower alkyl (e.g., methyl, ethyl, 

propyl,. isopropyl, butyl, etc.), lower alkenyl (e.g., 

vinyl, allyl, etc.), aryl (e .g. , phenyl, tolyl, etc.), 

2S ° T Suitable lower alkyl and lower alkyl moiety in 

the terms "acyloxy (lower) alkyl", "acylthio (lower) alkyl" 
' and "heterocyclicthio(lower)alkyl" may include one 
: having 1 to 6 carbon atom(s) , such as methyl, ethyl, 
propyl, isopropyl. butyl, isobutyl, tert-butyl. pen./l, 
30 tert-pentyl, hexyl or the like , preferably one having 
i to 3 carbon atom(s)\ 

Suitable protected carboxy may include estexified 
carboxy in which said ester may be the ones sue*, as 
lower alkyl ester (e.g., methyl ester, ethyl ester, 
35 propyl ester, isopropyl ester, butyl ester, isobutyl 
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ester, t-hutyl ester, pentyl ester, t -peaty 1 ester, 
hexyl ester, 1-cyclopropylethyl ester, etc.), wherein 
lower alkyl moiety may be preferably one having 1 to 4 
carbon atom(s) ; i ower alkenyl ester (e.g., vinyl ester, 
allyl ester, etc.); lower alkynyl ester (e.g., ethynyl 
ester, propynyl ester, etc.); mono(or di or tri)-halo- 
(lower) alkyl ester (e.g., 2-iodoethyl ester, 2,2,2- 
trichloroethyl ester, etc.); 

lower alkanoyloxy (lower) alkyl ester (e.g., acetoxymethyl 
ester, propionyloxymethyl ester, butyryioxymethyl ester, 
valeryloxymethyl ester, pivaloyloxymethyl ester, 
hexanoyloxymethyl ester, 2-acetoxyethyl ester, 2-propio- 
nyloxyethyl ester', etc.); 

lower alkanesulfonyl (lower) alkyl ester (e.g., mesyl- " 
methyl ester, 2-mesylethyl ester etc.); 
ar (lower) alkyl ester, for example, phenyl (lower) alkyl 
ester which may be substituted with one or more suit- 
able substituent(s) (e;g., benzyl ester, 4-methoxybenzyl 
ester, 4 -nitrobenzyl ester, phenethyl ester,, trityl 
ester, diphenylmethyl ester, bis (me thoxyphenyl) methyl 
ester, 3,4-dimethoxybenzyl ester, 4 -hydroxy -3,5- diterti - 
arybutylbenzyl ester, etc.); 

aryl ester which may have one or more suitable substi- 
tuent(s) (e.g., phenyl ester, tolyl ester, tertiary- 
butylphenyl ester, xylyl ester., mesityl ester, cumenyl 
ester, etc.), and the like. 

Preferable example of protected carboxy may be lower 
alkoxycarbonyl (e.g., methoxycarbonyl, ethoxycarbonyl, 
propoxycarbonyl, butoxycarbonyl, t-butoxycarbony'l, t- 
pentyloxycarbonyl, hexyloxycarbonyl, etc.) having 2 to 
7 carbon atoms, preferably one having 2 to S carbon 
atoms and phenyl (lower) alkoxycarbonyl which may be sub- 
stituted with nitro (e.g., 4-nitrobenzyloxycarbonyl, 
benzyloxycarbonyl, 4-nitrophenethyloxycarbcnyl, etc.).* 
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Suitable heterocyclic group and heterocyclic moiety 
in the term "a heterocyclicthio (lower) alkyl" mean's 
saturated or unsaturated, monocyclic or polycyclic 
heterocyclic gToup containing at least one hetero-atom 
such as an oxygen, sulfur, nitrogen atom and the like. 
And, especially preferably heterocyclic group may be 
heterocyclic group such as 

unsaturated 3 to 8-membered heteromonocyclic group 
containing 1 to 4 nitrogen a tom(s) , for example, pyrrolyl, 
pyrrolinyl, imidazclyl, pyrazolyl, pyridyl, and its 
N-oxide, pyrimidyl, pyrazinyl, pyridazinyl, triazolyl 
(e.g., 4H-1, 2, 4 -triazolyl, 1H-1 ,2 ,3-triazolyl , 2H-1,2,3- 
triazolyl, etc.}, tetrazolyl (e.g., lH-tetrazolyl., 2Hr 
tetrazolyl, etc.), etc.; 

saturated 3 to 8-membered heteromonocyclic group con- 
taining 1 to 4 nitrogen atom(s), for example, pyrroli- 
dinyl, imidazolidinyl, piperidino, piperazinyl, etc.; 
unsaturated condensed heterocyclic group containing 1 
to 5 nitrogen atom(s) , for example, indolyl, isoindolyl, 
indolizynyl, benzimidazolyl, quinoiyl, isbquinolyl, 
indazolyl, benzotriazolyi, tetrazolopyridyl, 
tetrazbiopyridazinyl , dihydrotriazolopyridazinyl, etc, ; 
unsaturated 3-to 8-membered heteromonocyclic group 
containing 1 to 2 oxygen' atom(s) and 1 to 3 nitrogen 
atom(s), for example, oxazolyl, isoxazolyl, oxadiazolyl, 
(e.g., 1,2, 4 -oxadiazolyl, 1, 3, 4 -oxadiazolyl, 1,2,5- 
oxadiazolyl, etc.) etc.; 

saturated 3 to 8-membered heteromonocyclic group 
containing 1 to 2 oxygen atom(s) and 1 to 3 nitrogen 
atom(s), for example, morpholinyl, etc.; 
unsaturated condensed heterocyclic group containing 1 
to 2 oxygen atom(s) and 1 to 3 nitrogen atom(s) , for 
example, ben-oxazolyl, bearoxadia^olyl , etc.; \ 
unsaturated 3 to 3-membered heteromonocyclic group 
containing 1 to 2 sulfur atom(s) and 1 to 5 nitrogen 
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atomCs), for example, thiazolyl, thiazolinyl, thiadiazolyl 
(e.g., 1,2, 4 -thiadiazolyl, 1,3,4-thiadiazolyl, 1,2 ,5- 
tiiiadiazolyl, ate), etc.; 

saturated -3 to 8-membered heteromonocyclic group 
containing 1 to 2 sulfur atom(s) and 1 to 3 nitrogen 
atom(s), for example, thiazolidinyl, etc.; 
unsaturated 3 to 8-membered heteromonocyclic group 
containing a sulfur atom, for example, thienyl, etc.; 
unsaturated- condensed heterocyclic group containing 1 
to 2 sulfur atom (s) and 1 to 3' nitrogen atom(s) , f or 
example, benzothiazolyi, benzothiadiazolyl, etc. and 
the like; 

wherein said heterocyclic group may be substituted with 
one or two suitable substituent(s) such as lower alkyl 
(e.g. , 'methyl, ethyl, propyl, isopropyl, butyl, iso- 
butyl, Pentyl. heayl, r _pref erably_one Jhasing 1 to 

3 carbon atam(e); " * " 

lower alkylthio (e.g., methyl thio, ethylthio, pr'o- 

pylthio, etc.); lower alkenyl (e.g/, vinyi7"allyl~~ " 

butanyl, etc.), preferably one having 2 .to 3 carbon ' 

aton s ; lower alkenylthio (e .g . , vinylthio , 

allylthio, butenylthio, etc.),. preferably one having 2 .to 3 carbon 
atoms; aryl _(e_. g.,_ phenyl , tolyl, etc.); halogen (e.g., 
chlorine, bromine, iodine or fluorine) ; amino; di (lower) - 
alkylaminoC lower) alky 1 (e.g., dime thy laminome thy 1, 
dimethylaminoethyl, dimethylaminopropyl, diethyl- ' . 
aminopropyl, diethylaminobutyl, etc.); carboxy (lower) - 
alkyl (e.g., carboxy methyl, carboxyethyl, carboxypropyl, 
«tc), preferably one having 2 to 4 carbon atoms; 

esterified carboxy (lower) alkyl wherein the 
esterified carboxy moiety is exemplified above; 
amino (lower) alkyl (e.g., aminomethyl, aminoethyl, 
aminopropyl, l-aminomethylethyl, aminobutyl, etc.), 
preferably one having 1 to 3 carbon atoa(s); 
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protected amino (lower) alkyl wherein the protected 
Lino and lower alkyl moieties are each as exemplified 
above preferably lower alkoxycarbonylamino (lower) - 
alkyl' (e.g., methoxycarbonylaminomethyl , ethoxycarbonyl- 
aminomethyl, t-butoxycarbonylaminomethyl, t-butoxy- 
carbonylaminoethyl, t : butoxycarbonylaminopropyl, 1-t- 
bSo^caxbonylaminoinetbylethyl, etc.), more preferably 

one having 3 to 9 carbon atoms,. • . 
or lower alkanoylamino (lower) alkyl (e.g., acetyl- 
aminomethyl, acetylaminoethyl,^ acetylaminopropyl, 1- 
" acetylaminomethylethyl, etc.} more preferably one having 
2 to 5 ^carbon atoms; carboxy; 

esterified carboxy as exemplified above, preferably 
lower alkoxycarbonyl, more prefarably one having 2 to 3;. 
carbon atoms; lower-, alkoxy (lower) alkyl (e .g. , 

methoxymethyl, methoxyethyl , niethoxypropyl, ethoxymethyl, 
ethoxyethyl, etc> preferably one having 2 to 5 carbon atoms 

hydroxy (lower) alkyl (e .g. , hydroxy- 
me thyl , hydroxyethyl , hydroxypropyl , hydroxybutyl , e tc .) , 

preferably one having 1 to 3 carbon atom(s) ; ' ' 
lower alky lthio( lower) alkyl (e.g., methylthiomethyl , 
methylthioethyl, methylthiopropyl, ethylthiomethyl, 
etc.) /preferably one having 2 to 3 carbon atoms; 

• ' sulfo (lower) alkyl (e.g., sulfomethyl, sulfoethyl, 
sulfopropyl, sulfobutyl, etc.). prefarably one having 1 
• to 2 carbon atom(s); :■ . acyl (lower) alkyl wherein 

the acyl and lower alkyl moieties are each as 
exemplified above, preferably lower alkauesulf onyl- . 
(lower) alkyl (e.g., mesylmethyl, mesylethyl, ethane - 
sulfonylaethyl, etc.),nore preferably one having 2 to 
5 carbon atoms; - acy lamina (lower) alkyl wherein 

the acyl and lower alkyl moieties are each as 
exemplified above, preferably lower alkauesulf onyl - 
amino (lower) alkyl (e.g., mesylaminomethyl , mesyl- 
aminoethyl, mesylaminopropyl, ethar.esulfonylamino- 



0007470 



- is - 

^thyl, etc.), more, preferably one having 2 to J carbon 
atoms; carboxy (lower) alkylthio (e.g., carboxy- 

nethylthio. carboxyethylthio , etc.) , preferably one 
having 2 to 3 carbon atoms; 020; halo ( lower )alkyl (e.g. 
chloroaethyl, chloroethyl, dichloroethyl, trichloroethyl, 
txifiuoronethyl, trichloromethyl, trifluoroethyl, etc.) 
preferably trihalo (lower) alkyl, more preferably one 
having l to 2 carbon atom(s); lower alkylamino (e.g., 
methylamino, ethylamino, propylamine, isopropylamino, 
etc.), preferably one having 1 to 2 carbon atom(s); 
protected amino as exemplified above; or the like. 

Suitable lower alkylene may include straight or 
branched bivalent aliphatic hydrocarbon residue having 
1 to 6 carbon atom(s) , such. as methylene, ethylene 
methylethylene, propylene, trimethylene , 2-methyltri- 
methylene or the like, and preferably one having 1 to 
4 carbon atomCs) , more preferably one having 1 to 2 
carbon. atom(s) and the most preferably one having 1 
carbon atom. 

Suitable protected amino (lower)alkyl, protected amino 
and amino(lower)alkyl being the substituent of a heterocyclic- 
thlo (lower )alkyl for R- c and R 4d -can be each referred to the 
ones as exemplified above. 

Suitable protective group of carboxy may be 
referred to the ones exemplified as aforementioned 
ITZlTT " 6Sterified Carb0 ^ Preferable 
"^ntilrabove" 6 ^ °* ^ * 

uthi^Mc 1 : alkali metai raay inciude s ° dium « 

Preferred embodiments or the object compound (I) 
are as follows . 

Preferred embodiment of R 1 is amino, acylamino (more 
preferably lower alfcanoylaalno) , di (lower) alkylamino- * 
(lower) alky lideneaminc or phcsphoncasino ; 
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H is lower alkyl; 

R 3 is hydrogen or lower alkyl; 

R* is hydrogen; acyloxy( lower) alkyl [more preferably . 
lower alkanoyloxy (lower) alkyl or carbamoyloxy (lower) - 
alkyl] most preferably lower alkanoyloxymethyl or 
carbamoyloxymethyl]-; acylthio (lower) alkyl [more" . 
preferably lower alkanoylthio (lower) alkyl, most 
preferably lower aikanoyithiomethyl] ; tetrazoly'lthio- . 
(lower)alkyl (more preferably tetrazolyithiomethyl) ' ^ 
substituted with! lower alkyl, lower alkenyl, f°^ T .' ' 
alkoxy(iower) alkyl, lower alkyl thio (lower) alkyl, ' 
hydroxy (lower) alkyl','' amiao (lower) alkyl., lower alkoxy- 
carbonylamfeo(l6wer) alkyl, lower alkaa'oylamxno (lower) 7; 
alkyl, di(lower) alkylamino (lower) alkyl , . sulfo (lower) - 
alkyl or " carbozy (lower) ai&yl; 
thiadiazolyithio (lower) alkyi (more preferably 
thiadiazoiylthiome'thyl) which may be substituted with 
lower aikyl; lower alkoxy (lower) alkyl, .lower aikylthip- 
(lower) alkyl, lower aikenyl thio, carboxy, lower alkoxy- 
carbonyl , hydroxy (lower) alkyl , amino (iower) alkyl , - 
lower alkoxyc'arbonylamino (lower) alkyi , amino, lower alkyl 
amino, halo (lower) alkyl, carboxy(lower)alkylthio, 
lower alkanesulfonyl (lower) alkyl, lower alkanesulf onyl- 
amino (lower) alkyl or carboxy (lower) alkylthio; 
tTiazolylthio (lower Jalkyl (more preferably triazolyl- 
thiomethyl) substituted with lower alkyl, lower 
alkenyl or lower alkoxy (lower) alkyl; pyrazinylthio- 
(lower)alkyl (more preferably pyrasinylthiomethyl) ; 
thiazolinylthio (lower) alkyl (more preferably 
thiazolinylthiomethyl) ; . tetTazolopyridazinylthio- 
(lower) alkyl (more preferably tetra:olopyridazinyl- 
th.iometh.yl-) ; or diiydrotrias'clop^idasinylthio (lower)- • 
alkyl ( more preferably dihydrotriaaolopyridasinylthio- 
aethyl) substituted with oro and carbozy( lower) alkyl; 
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and R 5 is carboxy or phenyl (lowe r) - 
alkoxycarbonyl substituted with nitro. 

The processes for preparing the object compounds 
are explained in de.tails in the following. 
Process 1 

The object compound (I) can be prepared by 
reacting the compound (.11) or its reactive derivative 
at the, amino group or a salt thereof with the compound 
CI II) or its reactive derivative at the carboxy group 
or a salt thereof. 

Suitable reactive derivative at the amino group 
of the compound (II) may include conventional reactive 
derivative used in amidatioa, for example, Schiff's • 
base type imino or its tautomeric, enamine type isomer 
formed by the reaction of the compound (II) with 
a carbonyl compound; a silyl derivative formed by the 
reaction of the compound (II) with a silyl compound 
such, as bis (trimethylsilyl)acetainide, trimethylsilyl- 
acetamide or the Uke; a derivative formed by reaction 
of the compound (II) with phosphorus. trichloride ot 
phosgene, and the like. 

Suitable salt of the compound (II) may include 
an acid addition salt such as an organic acid salt 
(e.g., acetate, maleate, tartrate, benzenesulf onate , 
toluenesulfonate, etc.) or an. inorganic acid salt 
(e.g., hydrochloride, hydrobromide , sulfate, phosphate, 
etc.); 
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a metal salt (e.g., sodium salt, potassium salt, cal- 
cium salt, magnesium salt, etc.}; ammonium salt; an 
organic amine salt (e.g., triethy'lamine salt/" 
dicyclohexylamine salt, etc.), and the like. 

Suitable reactive derivative at - the carboxy 
group of the compound (.III) may include an acid h'alide, 
an acid anhydride, an activated amide, an activated 
ester, and the like. The suitable example may be an 
acid chloride; an acid azide; a mixed 'acid anhydride 
with an acid such as substituted phosphoric acid (e.g., . 
dialkylphospho-ric acid, phenylphosphoric acid, diphenyl- " 
phosphoric acid, dibenzylphosphoric acid, halogenated 
phosphoric acid, etc.),' dialkylphosphorous acid,: 
sulfurous acid,' thiosulfuTic acid, sulfuric acid, ' ; 
15 alkylcarbonic acid, aliphatic carboxylic acid (e.g., 
pivalic acid, pentanoic acid, isopentanoic acid, 

2-ethylbutyric acid, acetic acid or, trichloro- 
acetic, acid,, etc.) or aromatic carboxy lie acid (e.g., 
benzoic acid, etc.); a symmetrical acid anhydride; an 
f 20 activated amide with imidazole, dimethylpyrazoie , tria- 

zole "or tetrazole; or an" activated ester (e.g., cyano- 
methyl ester, methoxymethyl ester, dime thy limihome thy 1 
[(CH-) 2 N . - CH-] ester,! vinyl ester, propargyl ester, 
p-nitrophenyl ester, '2,4 -dinitrophenyl ester, trichloro- 
25 phenyl ester, pentachlorophenyl ester i mesyl phenyl 
ester, phenylazophenyl ester, phenyl thioester, p- 
nitrophenyl thioester, p-cresyl thioester, carboxy - 
methyl thioester, pyranyl ester, pyridyl ester, piperidyl 
ester, 8-ouinolyl thioester, or an ester with N,N- 
30 dimethylhydroxylamine , l-hydroxy-2-(lH) -pyridone , N- • 
hydroxysuccinimide , .. N-hydroxyphthalimide or 1-hy droxy - 
6-chloro-lH-benzotriazole, "and the like. These . 
reactive derivatives can be optionally selected from 
them according to the kind of the compound (III) to be 
35 used. 



V00747Q 

t 

- IS - 

The salts of the compound (III) may be salts 
with an inorganic base such as an alkali metal salts 
(e.g., sodium or potassium salt), or an alkaline earth 
metal salt (e.g., calcium or magnesium salt), a salt 
with an organic base such as t rime thy 1 amine, triethyl- 
amine, pyridine, a salt with an acid (e.g., hydrochloric 
acid or hydrobromic acid) or the like . 

The reaction is usually carried out in a con- 
ventional solvent such as water, acetone, dioxane, 
acetonitrtte, chloroform, methylene chloride, ethylene 
chloride, tetrahydrofuran, ethyl acetate, N, N- dime thy 1- 
formamide, pyridine or any other organic solvent which 
does not adversely , influence to the reaction. Among 
these solvents, hydrophilic solvents may be used in a 
mixture with water; 

When -the compound (III) is use d in free acid form 
or its .salt form in the reaction, the reaction is 
preferably carried out in the presence of a conventional 
condensing agent such as N,N-dicyclohexylcarfaodiimide ; 
N-cyclohexyJ-N'-morpholinoethylcarbodiimide; N-cyclo- 
hexyl-N'-(4-diethylaminocyclohexyl)carbodiimide; N N- 
diethylcarbodiimide; N,N-diisopropylcarbodiimide ; N- 
ethyl-N' -(3-dimethylaminopropyl) carbodiimide; N,N- 
carbonylbis(2-methylimida 2 ole); pentamethylene-ketene- 
N-cyclohexylimine ; diphenylketene-N-cyclohexylimine • 
ethoxyacetylene; ethyl" polyphosphate; isopropyl poly- 
phosphate; diethyl phosphorochloridite; phosphorus 
oxychloride; phosphorus trichloride; phosphorus 
pentachloride; thionyl chloride; oxalyl chloride; 
triphenylphosphine; N-ethyl-7-hydroxybenzisoxazolium 
fluoroborate; N-ethyl-S-phenylisoxa 2 olium-3' -sulfonate; 

l-(p-chl 0 rob e nzenesulfonyloxy)-6-chloro-LH-benzotria:ole- 
so-called Vilsmeier reagent, for example (chloromethylene) 
dxmethylammonium chloride produced by the reaction o* * 
dimethylformamide with thionyl chloride or phosgene " - 
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a compound produced by the reaction of ciise thy I fa manii de 
with phosphorus oxychloride, etc.; or the like. 

The reaction, may be also carTied out in the 
presence or an inorganic or an organic base such as an 
alkali metal- hydroxide, an alkali metal bicarbonate, 
alkali metal carbonate, alkali metal acetate, tri (lower) • 
alkylamine, pyridine, N- (lower) alkylmorpholine , N,N-di- 
(lower)alkylbenzylainine, N,N-di(lower).alkylaniline as 
exemplified below,, or the like. When the base or the 
condensing agent is in liquid, it can be used also as 
a solvent. The reaction temperature is not critical , 
and the reaction is usually carried out under cooling 
or at ambient temperature. 

In the present reaction, a syn-isomer of the 
object compound (I) can be obtained preferably by con- 
ducting the reaction of the compound (II) with a syn- 
isomer of the starting compound (III) . ' . 

In the present reaction, amino group for R in the 
compound (III) may be converted into, a protected amino 
group to give the compound (I) wherein R 1 is a protected 
amino in the course of the reaction according to reaction 
conditions, and this case is also included within the 
scope of the present reaction. ' 

Process 2 

The object compound (lb) ot a salt thereof can be 
prepared by subjecting the compound (la) or a salt 
thereof to elimination reaction of the protective 
group of carboxy. 

Suitable salt of the compound (la) can be 
referred to the acid addition salt exemplified for the 

compound (II) . 

The present reaction is carried out in accordance 

with a conventional method such as hydrolysis, 

reduction or the like . 
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In case that the protective group is an ester, 
the protective group can be eliminated by hydrolysis. 
Hydrolysis is preferably carried out in the presence of 
a base or an acid. Suitable base may include an inoT- 
ganic base and an organic base such as an alkali metal 
(e.g., sodium, potassium, "etc.), an alkaline earth 
metal (e.g., magnesium, calcium, etc.), the hydroxide 
or carbonate or bicarbonate thereof, tri alky 1 amine 
(e.g., trimethylamine, triethylamine, etc.), picoline, 
l,S-diazabicyclo[4,3,0]none-5-ene, 1,4-diazabicyclo [2 , 
2,2]octane, 1,8-diazabicyclo [5,4,0]undecene-7, or the 
like. Suitable acid may include an organic acid (e.g., ' 
formic acid, acetic acid, propionic acid, trifluoro- 
acetic acid, etc.) and an inorganic acid (e.g., hydro- 
chloric acid, -hydrobromic acid, sulfuric acid, etc.). 

The reaction is usually carried out in a sol- 
vent such as water, an alcohol (e.g., methanol, ethanol, 
etc.), a mixture thereof or any other solvent which does 
not adversely influence to the reaction. A liquid base 
or acid can be also used as the solvent. The reaction 
temperature is not critical and the reaction is usually 
carried out under cooling to warming. 

Reduction can be applied preferably for elimination 
of the protective group such as 4-nitrobenzyl, 2- 
iodoethyl, 2,2,2-trichloroethyl, or the like. The 
reduction method applicable for the elimination reaction 
may include, for example, reduction by using a 
combination of a metal (e.g., zinc, zinc amalgam, etc.) 
or a salt of chrome compound (e.g., chromous chloride, 
chromous acetate, etc.) and an organic or inorganic 
acid (e.g., acetic acid, propionic acid, hydrochloric 
acid, etc.); and conventional catalytic reduction in the 
presence of a conventional metallic catalyst (e.g., 
palladium-carbon, etc.). 
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Process 3 

ThTobject compound (Id) or a salt thereof can be 
prepared by reacting the compound (Ic) or a salt thereof 
with the compound (IV) or its reactive derivative at the 

meTcapto group. 

Suitable salt of the . compound (Ic) can be referred 
to the ones exemplified for the compound (II).. 

Suitable reactive derivative at the mercapto group 
of. the compound CIV) may include a metal salt such as an 
alkali metal salt (e.g., sodium salt, potassium salt, 

etc.) or the like. ■ . 

The present reaction may be carried out in a solvent 
such as water, phosphate buffer, acetone, chloroform, 
nitrobenzene, methylene chloride, ethylene chloride, 
dimethylformamide, methanol, ethanol, ether, tetrahydro- . 
furan, dime thylsulf oxide, or any other organic solvent 
which does not adversely affect the reaction, preferably 
in ones having strong polarities. Among the solvents, 
hydrophilic solvents may be used in a mixture with 
water.' The reaction is preferably carried out in 
around neutral medium. When the compound (Ic) or the 
compound (IV) is used in a free form, the reaction is 
preferably conducted in the presence of a base, for 
example, inorganic base such as alkali metal 
hydroxide, alkali metal carbonate, alkali metal bicarbonate 
organic base such as trialkylamine , and the like. The 
reaction temperature is not critical, and the reaction 
is usually carried out at ambient temperature, under 
warming or under slightly heating. 
Process 4 

ThTobject compound (If) or a salt thereof can be 
prepared by subjecting the compound (Ie) or a salt thereof 
to elimination reaction of the protective group of amino. 

Suitable salt of the compound (Ie) may include a 
metal salt,' ammonium salt, an organic amine salt and 
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the like as aforementioned. 

The present elimination reaction is carried out in 
accordance with a conventional method such as hydrolysis; 
reduction; a method by reacting the compound (Ie) 
wherein the pretective group is acyl group with imino- 
halogenating agent and then with iminoetherifying agent, 
and, if necessary, subjecting the resulting compound to 
hydrolysis; or the like. The hydrolysis may include a 
method using an acid or base or hydrazine and the like. 
These methods may be selected depending on the kind of 
the protective groups .to be eliminated. 

Among these methods, hydrolysis using an acid is 
one of the common and preferable method for eliminating 
the protective group such as substituted or unsubstituted 
alkoxycarbonyl (e.g., t-pentyloxycarbonyl, t-butoxy- 
carbonyl, etc.), alkanoyl (e.g., formyl, etc.), 
cycloalkoxycarbonyl, substituted or unsubstituted 
aralkoxycarboxyl (e.g. , benzyl oxycarbonyl, substituted 
benzyloxycarbonyl, etc.), substituted phenylthio, 
substituted aralkylidene, substituted alky lidene, 
substituted cycloalkylidene , ar (lower) alkyl (e.g., 
benzyl, trityl, etc.) or the like. 

Suitable acid may include an organic or an 
inorganic acid, for example, formic acid, trifluoro- 
acetic acid, benzenesulfonic acid, p-toluenesulfonic 
acid, hydrochloric. acid and the like, and preferable 
acid is ,for example, formic acid, trif luoroacetic acid, 
hydrochloric acid, etc. The acid suitable for the, 
reaction can be selected according to the kind of 
protective group to be eliminated. When the elimination 
reaction is conducted with the acid, it can be carried 
out in the presence or absence of a solvent. Suitable 
solvent may include a conventional organic solvent, 
water or a mixture, thereof , When trif luoroacetic aci'd 
is used, the elimination reaction may preferably be 
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carTied out in the presence of anisole . 

The hydrolysis using hydrazine is commonly applied 
for eliminating the protective gTOup, fox example, 
succinyl or phthaloyl. 

The hydrolysis with a base is preferably applied 
for eliminating acyl gTOup, for example, haloalkanpyl 
(e.g., dichloro acetyl, trifluoroacetyl, etc.) etc. 
Suitable base may include, for example, an inorganic 
base such as alkali metal hydroxide (e.g., sodium 
hydroxide, potassium hydroxide, etc.), alkaline 
earth metal hydroxide (e.g., magnesium hydroxide, 
calcium hydroxide, etc.), alkali metal carbonate (e.g., 
sodium carbonate, potassium carbonate, etc), alkaline, 
eaTth metal carbonate (e.g., magnesium carbonate, calcium 
carbonate, etc.), alkali metal bicarbonate (e.g., sodium 
bicarbonate, potassium bicarbonate, etc.), alkali 
metal acetate (e.g., sodium acetate, potassium acetate, 
etc.), alkaline earth metal phosphate (e.g., magnesium 
phosphate, calcium phosphate , etc .) , alkali metal 
hydrogen phosphate (e.g., dis odium hydrogen phosphate, 
dipotassium hydrogen phosphate, , etc.) Vi or. the like, 
and an organic base such as trialkylamine (e.g., ■■ 
trimethylamine, tr ie thy 1 amine, etc.), picoline, N-methyl- 
pyrrolidine, N-methylmorpholine, 1,5-diazabicyclo [4,3,0]- 
non-S-ene, 1-4-diazabicyclo [2 ,2 ,2]octane , 1,5-diazabi- 
cyclo [5,4,0 ]undecene -5 -or the like. The hydrolysis 
using a base is often carried out in water, a conventional 
organic solvent or a mixture thereof. 

Among the protective group, the acyl group can be 
generally eliminated by hydrolysis as mentioned above 
or by the other conventional hydrolysis. In case 
that the acyl group is halogen substituted- alkoxycarbonyl 
or 8-quinolyloxycarbonyl, they are eliminated by 
treating with a heavy metal such as copper, sine or 
the like. 
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The reductive elimination is generally applied 
for eliminating the protective group , for example, 
haloalkoxycarbonyl (e.g., trichloroezhoxycarhonyl etc.), 
substituted or unsubstituted aralkoxycarbonyl (e.g. 
5 bensyloxycarbonyl,- substituted benzyloxycarbonyl etc J, 
2-pyridylmethoxycarbonyl, etc. Suitable reduction may 
include, for example, reduction with an alkali metal 
borohydride (e.g., sodium borohydride, etc.) and the 
like. 

The reaction temperature is not critical and may 
be suitably selected in accordance with the kind of 
the protective group of the amino group and the 
elimination method as mentioned above, and the present 
reaction, is preferably carried out tinder a mild 

-5 condition such as under cooling, at ambient temperature 
or slightly elevated temperature. 

The present reaction includes, within its scope, 
the cases that the protected carboxy group for 
R** is transformed into the free carboxy gToup in the 

Z0 * course of the elimination reaction as mentioned above 
or in the post-treatment of the reaction mixture or 
reaction product. 

The preparation for preparing the starting 
compound (III) are explained below in detail. 
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Preparation (1) 

The compound (VII] can be prepared by reacting 
the compound (V) ot a salt thereof with halogenating 
agent and the compound (VI) . 

Suitable halogenating agent to be used in the 
present reaction may include bromine, chlorine and 
the like. 

The present reaction is preferably carried out 
in the presence of a base such as an inorganic base ot 
an organic base, for example, alkali metal carbonate, 
alkali metal alkoxide, trialkylamine or the like. The 
present reaction is usually carried out in -a solvent 
such as an alcohol (e.g., methanol, ethanol, etc.) or 
any other solvent which does not adversely affect the 
reaction. The reaction temperature is not critical 
and the reaction is usually carried out under cooling 
or at ambient temperatures In this reaction, R of the 
compound (V) may be converted into other protective 
group of carbbxy according to reaction conditions and 
kinds of the protective group and it is included 
within the scope of the present reaction. 

Preparation (2) 

The compound (VIII) can be prepared by subjecting 
the compound (VII) to introduction reaction of the 
protective group of amino. 

The present process can be carried out in a 
conventional manner and when the protective group of 
• amino to be introduced into the amino group is acyl, 
the reaction can be carried out in substantially the 
same manner as that of Process 1 . Accordingly, the 
detailed explanation therefor is to be referred to 
said Process 1 . 

Preparation (3) ». 

The compound (X) can be prepared by reacting the 
compound (VIII) with the compound (IX). 
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This process is usually carried our in zhe presence of 
base, such as an alkali metal hydride (e.g., sodium 
hydride, potassium hydride, exc.), an alkaline earth 
metal hydride (e.g., calcium hydride, etc.) and the 
' like, and usually carried out in a solvent such as di- 
methyLformamide or any other solvent which does not 
adversely affect the reaction. The reaction temperature 
is not critical and the reaction is usually carried out 
undeT cooling, at ambient temperature or under warming. 
Preparation (4) 

The compound (XI) can be prepared by reacting the 
compound (X) with an acid and/or acid anhydride such 
as acetic acid and/or acetic anhydride. The reaction 
of this process can preferably be carried out in the 
presence of alkali metal perhaloate (e,g # , sodium 
perchlorate, sodium periodate, potassium perchlorate, 
etc.), alkaline earth metal perchlorate (e.g., magnesium 
perchlorate, calcium perchlorate, etc.) and the like, 
and an acid such as an organic acid (e.g., formic acid, acetic 

acid etcO'or an-inorganic acid (e.g.-, hydrochloric acid). 

The reaction temperature is not critical and the 
reaction is usually carried out under warming. 
Preparations (5) and (7) 

The preparation (5) and (7) can be carried out 
in a conventional manner .as shown in Process 2 o r 4 * 

• In the preparation (5) , according to reaction 
conditions, there may be obtained the product having 
R " a °* the product having amino group instead of R* a< , 
and they are subsequently reacted with the compound (XII) 
or a salt thereof to give the compound (Ilia] or (Illb) , 
respectively, as shown in Preparation (6) . 
Preparation (6) 

Suitable salt of the compound (XII) is a convent! qnal' 
acid salt such as an inorganic acid salt (e.g., 
hydrochloride, etc.) and an. organic acid salt 
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(e-g-» p-toluenesulfonic acid salt, stc.) . When salt 
of said compound (XIID is used in this process, the 
reaction is usually carried out in the presence of a 
base such as an alkali metal hydroxide (e.g., sodium 
hydroxide, potassium hydroxide, etc.}. The reaction 
is usually carried out in a solvent such as water, an 
alcohol (e.g., methanol, ethanol, etc.) or any other 
solvent which does not adversely affect the reaction. 
The reaction temperature is not critical and the 
reaction is usually carried out at ambient temperature. 

In the aforementioned reactions and/of" in the 
post treatment of the- reactions of the present invention, 
the aforementioned' tautomeric isomers may occasionally 
be transformed into the other tautomeric isomers and 
such case is also included in the scope of the present 
invention . 

In case that the object compound (I) is obtained 
in a . form of the free acid at 4 position and/or in 
case that the object compound CD has free amino group, 
it may be optionally transformed into its pharmaceutical - 
ly acceptable salt as aforementioned by a conventional . 
method. 

The object compound. (I) and pharmaceutical^ 
acceptable salt thereof of the present "invention are 
all novel compounds which exhibit. high antibacterial 
activity, inhibiting the growth of a wide variety of 
pathogenic microorganisms including. Gram-positive and 
Gram -negative bacteria and are useful, as antibacterial 
agents . 

Now, in order to show the utility of the object 
compound CD, with regard to. some representative 
.compounds of this invention, the test data on the in 
vitro anti -bacterial activity are shown in the? following. 
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Test Compounds 

(1) 7-[2-Methoxyimino-2-(5-amino-l,2,4-thiadia.zol-3- 
yl) acetamido] -3- (l-meth.yl-lH-tetrazol-5-ylthio- 
methyl)-3-cephem-4-carboxylic acid (syn isomer) 

(2) 7-[2-Methoxyimino-2-(5-amino-l,2,4-thiadiazol-3- 
yl) acetamido] -3- (1, 3,4-th.iadiazol-2-yltb.iomethyl) - 
3-'cephem-4-carboxylic acid (syn isomer) 

. (3) 7-[2-Methoxyimino-2-(5-amino-l > 2,4-thiadiazol-3- 
yl) acetamido] -3- [l-(2-aminoethyl) -lH-tetrazol-5- 
yl]thiomethyl-3-cephem-4-carboxylic acid (syn 
isomer) 

(4) 7-[2-Ethoxyimino-2-(S-amino-l,2,4-thiadia 2 ol-3-yl)- 
acetamido]-3-(l f 3,4-tniadiazol-2-yl)thiomethyl-3- 
cephem-4-carboxylic acid (syn isomer) 

(5) 7-[2-Methoxyimino-2-(5-amino-l,2 l 4-thiadiazol-3- 
yl) acetamido] -3- [1- (2-hydroxyethyl) -lH-tetrazol-S- 

yl]U;iomethyl-3-cephem-4-carboxylic acid (syn 
isomer) 

(6) 7- [2-Methoxyimino-2-(S-amino-l,2,4-thiadiazol-3-yl)- 
acetamido]-3-(tetrazolo[l,5-b]pyridazin-6-yl)- 
thiomethyl-3-cephem-4-carboxylic acid (syn isomer) 

(7) 7- [2-Isopropoxyimino-2-(S-amino-l,2,4-thiadiazol- 
3-yl) acetamido] -3- (l,3,4-thiadiazol-2-yl) - 
thiomethyl-3-cephem-4-carboxylic acid (syn isomer) 

iB) 7- [2-Methoxyimino-2-(5-amino-l,2 ,4-thiadiazol-3 - 
yl) acetamido] -3- (l-allyl-lH-tetrazol-5 -yl) - 
thiomethyl-5-cephem-4-carboxylic acid (syn isomer) 

( 9 ) 7-[ 2-Ethoxyinino-2-( 5-amino-l , 2 , 4-taiadiazol-3-yl ) - 
acetaz£do]-3-cephem-4-carboxylic acid (syn isomer) 

( 10 ) 7-[ 2-Ke thoxyimino-2-( 5-anino-l , 2 , 4-thiadiasol-o-j/l ) - 
ace taoido ]-3-[l- ( 3-aminopropyl ) -lE-t e traz ol-5-yI ] - 

■ thiomethyl-3-ce?heE-4-carbox7lic acid (syn isomer) 
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Test Method 

In vitro antibacterial activity was determined by 
the two -fold agar-plate dilution method as described 

below. • 

One loopful o£ an overnight culture of each test 
strain in Trypticase-soy broth (10 8 viable cells per ml.) 
was streaked on heart infusion agar (HI -agar) 
containing graded concentrations of test compounds, and 
minimal inhibitory concentration (MIC) was expressed in 
terms of ug/ml. after incubation at 37°C for 20 hours. 
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For therapeutic administration, the object compound 
(I] of the present invention is used in the form o£ 
conventional pharmaceutical preparation which contains 
said compounds, as an active ingredient, in admixture 
5 with a pharmaceutical!/ acceptable carriers such as an 
organic or inorganic solid or liquid excipient which is 
suitable for oral, parenteral or external administration. 
The pharmaceutical preparations may be in solid form such 
as capsule, tablet, dragee, ointment or suppository, or 
10 in liquid form such as solution, suspension, or emulsion. 

If needed, there may be included in the above preparations 
auxiliary substances, stabilizing agents, wetting or 
emulsifying agents, buffers and the other commonly used 
additives. 

15 While the dosage of the compounds may vary from 

and also depend upon the age, conditions of the patient, 
a kind of disease, a kind of the compound (I) to be 
applied, etc., an average single dose of about 50 mg., 
100 mg., 250 mg, and 500 mg. of the object compound 

20 CD of the present invention has proved to be effective 
in treating diseases infected by pathogenic bacteria. 

In general, daily dose between 5 mg. and about 
•3,000 mg. or even more may be administered to a 
patient. 

25 The following Preparations and Examples are 

given for the purpose of illustrating the present 
invention:- . 
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Preparation 1 : 

Preparation of Methyl S -amino -1,2,4 -thiadiazole - 
3-carboxylate. 

To a solution of 1-ethoxycarbonylformamidine . 
a hydrobromide (16.6 g.) in absolute methanol (84 ml) 
was added a solution of sodium (1.93 g) . 

in absolute methanol (42 ml) at 0°C. To the mixture 
were added alternately bromine (12.8 g) and a solution 

0 of sodium (1.93 g) in absolute methanol (42 ml) at 
0°C and then to the suspension was added potassium 
thiocyanate (8.1 g) in absolute methanol (100 ml). 
The reaction mixture was stirred for an hour at 0°C 
and for an additional 6 hours at ambient temperature. 

5 The mixture was filtered through cellulose powder and 
the filtrate was evaporated to dryness."" The residue 
was dissolved in a mixture of ethyl acetate and water, 
and then the ethyl acetate layer was separated and 
dried over anhydrous magnesium sulfate. The solvent 

) was evaporated and the residue was triturated with 
diethyl ether to give the title compound (9.0 g) , mp. 
202 to 205°C. 

I.R. (Nujol) : 3400, 3250, 3100, 1710, 
1610, 1S40 cm" 1 

' N.M.R. (d 6 -DMSO) 

• 6 : 3.85 (3H, s) , 8.25 (2H, s) 
Preparation 2 : 

Preparation of Methyl S-formamido-1,2,4- 
thiadiazole-3-carboxylate . 

To a mixture of formic acid (33 g) and acetic 
anhydride (22 g) was added methyl S-amino-1,2,4- 
thiadia2ole-3-carboxylate (6.2 g) , and then the 
mixture was stirred for 2 days at ambient temperature. 
The reaction mixture was concentrated under reduced 
pressure and the residue was triturated with a mixture 
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of diethyl ether and n-hexane to give the title 

compound (7.2 g) , mp. 210 to 21S°C. 

I.R. (Nujol) : 3100, 1720, 1680 cm" 
N.M.R. (d 6 -DMSO) . . 

"6 : 3.90 (3H, s) , 8 .85 (1H, s) 

Preparation 5 : 

Preparation of 5-Formamido-3- ^-methylthio^- 
methylsulf inylacety$-l,2 ,4-thiadiazole . 

To a mixture of methyl 5-f ormamido-1, 2 ,4- 
thiadiazole -3-carboxylate (9.2 g) and methyl methyl- 
thiomethyl sulfoxide.^ (6 .1 g) in N,N-dimethylformamide 
(100 ml) was added 50% sodium hydride (7.1 g) with 
cooling in an ice-bath. The mixture was stirred for 
an hour at ambient temperature and tor an additional 
one hour at 40 °C. After cooling to ambient tempera- 
ture, methylene chloride (300 ml) was added to the 
reaction mixture, and the resulting precipitates 
were collected by filtration and washed with 
methylene chloride. The precipitates were added to 
a stirred mixture of hydrochloric acid (14.7 ml), 
ice-water (200 ml) and methylene chloride (200 ml) . 
An insoluble material was filtered off and the 
methylene chloride layer was separated from the 
filtrate. The solution was dried over anhydrous 
magnesium sulfate, evaporated and the residue was 
triturated with diethyl ether to give the title 
compound (4.5 g) , mp. 130 to 132°C. ^ 
I.R. (Nujol) : 3100, 1680, 1670 cm 
N.M.R. (dg-DMSO) 

6 : 2.22 } C - H> 2s) 
2.28 

2 * 68 .} (2H, 2s) 
2.85 



10 



1 



5 - 70 } (1H, 2s) 
5. 80 

8.86 (1H, s) 

' Preparation 4 : 

• Preparation of S-methyl (5-formamido-l,2 ,4- 
thiadia?cl-3-yi) thioglyoxylate . 

A mixture of 5-formaraido-3-(2-methylthio-2- 
methylsulfinylacetyl)-l,2,4-thiadiazole (0.85 g) and 
sodium periodate (0.2 g) in glacial acetic acid 
(10 ml) was stirred for 4S minutes at 70 °C. The 
reaction mixture was evaporated and the residue was 
dissolved in a mixture of ethyl acetate and water. 
The mixture was adjusted to pH 7 with an aqueous 
15 solution of sodium bicarbonate and treated with an 

aqueous solution of sodium thiosulfate. The organic 
layer was separated, dried over anhydrous magnesium 
sulfate *nd evaporated to dryness. The residue was • 
triturated with a mixture of diethyl ether and 
petroleum ether to give the title compound (2 80 mg) , 
mp. 186 to 187°C. 

I.H. (Nujol) : 3100, 1680, 1660 cm" 1 
N.M.R. "(dg-DMSO) 

5 : 2 .55 (3H, s), 8.95 (1H, s) 
25 Preparation 5 : 

Preparation of 2 -Methoxyinu.no -2- (S-formamido- 
1,2, 4-thiadiazol-3-yl)acetic acid (syn isomer). 

A mixture of S-methyl (S-formamido-1,2 ,4- 
thiadiazol-3-yl) thioglyoxylate (231 mg) in methanol 
(2 ml) and IN-aqueous solution of potassium hydroxide 
(3.5 ml) was stirred for an hour at ambient tempera- 
ture. The mixture was adjusted to pH 7.6 with. IN 
hydrochloric acid, followed by an addition of 0- 
methylhydroxylamine hydrochloride (90 mg) and stir- * 
ring for 30 minutes at ambient temperature. 
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The reaction mixture was neutralized with an aqueous 
solution of sodium bicarbonate and concentrated to 
remove methanol. The concentrated aqueous solution 
was adjusted to pH 4 with hydrochloric acid and 
S washed with ethyl acetate. The aqueous layer was 
adjusted to pH 1 with hydrochloric acid, saturated 
with sodium chloride and extracted with ethyl acetate. 
The extract was evaporated to dryness and the residue 
was triturated with diethyl ether, collected by 
10 filtration and then dried to give the title compound 
(80 mg), mp. 185 to 186°C. ^ 
I.R. (Nujol) : 3150, 1720, 1690 cm' 
N.M.R. (d 6 -DMS0) 

6 : 5.98 (3H, s) , 8.84 (1H, s) 

15 Preparation 6 : 

Preparation of 2-Methoxyimino-2-(S-fttrmamido- 

l,2,4-thiadiazol-3-yl)acetic acid Csyn isomer) 

' A mixture of 5-formamido-3-(2-methylthio-2- 
me thylsulfinylacetyl)-l,2;4-thiadiazole (3.2 g) and 
20 sodium periodate (0.8 g) in glacial acetic acid 

(32 ml) was stirred for 45 minutes at 70 °C. The re- 
sulting mixture was evaporated and the residue was 
washed with n-hexane and then thereto were added 
methanol (20 ml) and IN aqueous solution of potassium 
25 hydroxide (40 ml). The solution was stirred for an 
hour at ambient temperature . The reaction mixture 
was adjusted to pH 8 with IN hydrochloric acid, 
followed by an addition of 0 -me thylhydroxyl amine 
hydrochloride (0.96 g) and stirring for an hour at 
30 ambient temperature. The reaction mixture was neu- 
tralized with an aqueous solution of sodium bicarbonate 
and concentrated to remove methanol." The resulting 
aqueous solution was washed with ethyl acetate, 
adjusted to pH 1 with 10% hydrochloric acid, 
35 saturated with sodium chloride and extracted with 
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with ethyl acetate. The extract was dried over 
anhydrous ipagnesium sulfate, evaporated, and the 
residue was triturated with diisopropyl ether to 
give the 'title compound (1.02 g) , mp. 185 to 186°C. 
S ' Preparation 7 : 

Preparation of 2-Methoxyimino-2-(5-amino-l,2 f 4- 
thiadiazoJL-3-yl) acetic acid (syn isomer). 

A solution of 2-methoxyimino-2- (5-f ormamido- 
l t 2 l 4-thj F adiazol-3-yl)acetic acid (syn isomer) (1.4 g) 
-0 in in aqueous solution of sodium hydroxide (19.1 ml) 
was heattd at 50° to SS°C for an hour. To the solut- 
ion was abided cone. hydrochloric acid (1.9 ml) under 
cooling ija an ice-bath. The mixture was saturated 
with sodium chloride and extracted with ethyl acetate. 
~5 The extract was dried over anhydrous magnesium sulfate 
and evaporated to dryness. The residue was triturated 
with diethyl ether to give the title compound (0.9 g) , 
• mp. 180 to 182 °C (dec). 

.I.R. (Nujol) : 3450, 3250, 3100, 1715, 1610, 
20 ' 1S30 cm" 1 

N.M.R. (d 6 -DMS0) 

6 : 3.90 (3H, s) , 8.10 (3H, broad s) 
Preparation 8 

A mixture of 5-f ormamido-3- (2-methylthio-2 - 
25 methylsu;finylacetyl)-l,2,4-thiadiazole (10 g) and 
sodium periodate (2.0 g) in glacial acetic acid 
(50 ml) was stirred for 50 minutes at 70 °C. The sol- 
vent was evaporated and the residue was washed with 
n-hexane. To the residue was a.dded IN aqueous 
3° solution of sodium hydroxide (160 ml) and the mixture 
was stirred for an hour at ambient temperature. To 
the reaction mixture was. added O-e thy lhydroxyl amine 
hydrochloride (3.5 g) and the solution was adjusted 
to pH 3 to 4 with 10% hydrochloric acid and then . * 
35 stirred for an hour at ambient temperature. After 
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an insoluble material was filtered off, the filtrate 
was washed with ethyl acetate, adjusted to pH 1 with 
10% hydrochloric acid and extracted with ethyl acetate. 
The extract was dried over magnesium sulfate and 
5 evaporated to dryness. The residue was triturated 

with a mixture of diethyl ether and diisopropyl ether 
to give 2-ethoxyimino-2-(5-£ormamido-l,2,4-thiadiasol- 
3 -yl) acetic acid (syn isomer) (4 .5 g) , mp. 165 to 168 °C 
(dec). 

10 I.R. (Nujol) : 3450, 3170, 3050, 1730, 1690,' 

159S, 1565 cm" 1 

• N.M.R. (dg-DMSO) 

6 :.1.30 (3H, t, J=7Hz), 4.30 (2H, q, 
J=7Hz), 8.87 (1H, s) 

15 Preparation 9 . 

The following compounds were obtained according 
to a similar manner to that of Preparation .8 . 
(1)' 2-Propoxyimino-2-(5-formamido-l,2 ,4-thiadiazol- 
3-yl)acetic acid (syn isomer), mp. 168 to 170°C (dec). 
20 I.R. (Nujol) : 3250, 3140, 1720, 1690, 

■ 1590, 1530, cm" 1 . 

N.M.R. Cd 6 - DMSO) 

6 : 0.90. (3H,t, J=6Hz) , 1.4-1.9 (2H, m) , 
4.17 (2H, t, J=6Hz), 8.85 (1H, s) 
25 (2) 2-Isopropoxyimino-2-(S-formamido-l,2,4-thiadiazol- 
3-yl)acetic acid (syn isomer), mp. 180 to 182°C (dec.). 

• I.R. (Nujol) : 3230, 1720, 1690, 1590, 1530 cm 
N.M.R. (d fi - DMSO) 

6 :'1..25 (6H, d, J=6Hz) , 4.2-4.7 (1H, m) , 
30 8.85 (1H,' s) 
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-5 Preparation 10 

A mixture of 2-ethoxyimino-2- (5-f armamido -1,2,4 - 
thiadiazol-3-yl) acetic acid (syn isomer) (4.4 g) and IN 
aqueous solution of sodium hydroxide (54 ml) was stirred 
for 2 hours at 50 to 55 °C. The mixture was cooled in an 
20 ice bath, acidified with hydrochloric acid (5.4 ml) and 

extracred with ethyl acetate. The extract was dried over 
magnesium sulfate and evaporated to dryness. The residue 
was triturated with diethyl ether to give 2-ethoxyimino- 
2-(5-amino-l,2,4-thiadiazol-3-yl)acetic acid (syn isomer) 
25 (2.92 g), mp. 168 to 170°C (dec). 

I.R. (Nujol) : 3450, 3370, 5250, 31S0, 1665, 

1610, 1S30 cm" 1 
N.M.R. (d 6 -DMS0) 

S S 1.22. (3H, -t, J=7H=), 4.17 (2H, q, J=7Hz) , 
30 8.17 (2H-, broad, s) * 

Preparation 11 

The following compounds were "obtained according to 
a similar manner to that of- Preparation 10 . 
(1) 2-Propoxyimino-I-(5-amino-l r 2,4-thiaiia:ol-3- 
33 yl)acetic acid (syn isomer), mp. 100 to 103°C (dec). 
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I.R. (Nujol) : 3620, 5520 , 3350, 312Q, 260Q, 
2500, 1720, 1620, 1550 cm 

M.M.R- (dg-DMSO) , w . 

5 :1.00 C3H, t, J=6Hz) , 1.3-2.0 C2H, in), 
4.13 C2H, t, J=6Hz), 8.17 (2H, broad, s) 
C2] 2-Isopropoxyiminor2-C5-amino-l,2,4-thiadia2ol- 
3-yl)acetic acid (syn isomer), mp. 152 to 155'C (dec). 
I.R. (Nujol) : 3450, 3300, 3200, 1730, 
1620, 1530 cm" 

M.M.R. (dg-DMSO) 

S : 1.22 (6H, d, J=6Hz) , 4.1-4.6 (1H, m) , 

8.20 (2H, broad s) 



Preparation 12 

. A mixture of 7-aminocephalosporanic acid (14.31 g) , 
S-allylthio-l,3,4-thiadiasole-2-thiol C14 g) , sodium 
bicarbonate (10.6 g) , water (33 ml) and pH 6.4 phos- 
phate buffer solution (105 ml) was stirred for 4 hours 
at 65 to 70°C. To the reaction mixture was added 
ethyl acetate (50 ml) and the mixture. was adjusted to 
pH 3 with hydrochloric acid. Precipitates were col- 
lected by filtration, washed with water, methanol and 
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acetone, and dried to give pale brown powder of 
crude 7-amino-3- (5-allylthio-l,3,4-thiadiazol-2-yl) - 
thiomethyl-3-cephem-4-carboxylic acid (13.4 g) . 
Said powder (10 g) was dissolved in a mixture of 
methanol (100 ml) and cone. hydrochloric acid (70 ml) 
and filtered. The filtrate was treated with an 
activated charcoal and adjusted to pH 3 with aqueous 
ammonia. Ethyl acetate (SO ml) was added thereto 
and precipitates were collected by filtration, washed 
with water and acetone, and dried to give pure object com- 
pound (5.2 g), mp. 195 to 197°C. 

I.R. (Nujol) : 3150, 2700-2500, 1800, 1610, 
1550-1510, 1040, 720 cm' 1 . 

Preparation 15 

(1) A solution of methyl N- (3-methoxypropyl)dithio- 
carbamate (100.2 g) in ethanol (300 ml) was added 
dropwise at 3*C over 30 minutes to a solution of 
hydrazine hydrate (28 g) in ethanol (200 ml) . The 
mixture was stirred for 4.5 hours at 70 °C. The react- 
ion mixture was concentrated and to the residue were 
added water and diethyl ether. The diethyl ether 
extract was dried over magnesium sulfate and evapo- 
rated in vacuo to give pinkish oil of 4- (3- 
methoxypropyl)thiosemicarbazide (89.9 g) . 

N.M.R. (CDCi-) 

6 : 1.87 (2H, m) , 3.33 (3H, s) , 3.3-3.8 
(4H, m), 4.0 (2H, broad s), 7.8 (1H, 
broad s) 

(2) A mixture of 4- (3-methoxypropyl) thiosemicarbazide 
(89.9 g) and formic acid (450 ml) was refluxed with 
stirring for 8.5 hours at 10S°C. Formic acid was re- 
moved in vacuo from the reaction mixture and to the 
residue were added ethyl acetate (800 ml) and water 
(200 ml) . The separated organic layer was washed with* 
5% aqueous solution of sodium bicarbonate and with 
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an aqueous solution of sodium chloride, dried over 
magnesium sulfate and concentrated to give orange oil 
(77. 52 g) . To the oil were added a solution of 
sodium hydroxide (26 gj in water (260 ml) and methanol 
5 (40 ml) , and then methanol was distilled off under 
reduced pressure. To the residue was added water 
(100 ml), and the mixture was adjusted to pH 3 or 4 
with 10% hydrochloric acid and extracted with ethyl 
acetate (150 ml x 2). The extracts were dTied over 
10 magnesium sulfate and evaporated to give orange oil 

(40.32 g). The -oil was purified by column chromatography 
on silica gel (500 g) using ethyl acetate as eluent 
to give oil of 4- (3-methoxypropyl)-4H-l, 2 ,4-triazole- 

3-thiol (8.95 g). 
15 * N.M.R. (CDC£ 3 ) 

6 : 2.14 (2H, m) , 3.40 (3H, s) , 3.47 

(2H, t, J-7HZ), 4.18 (2H-, t, J-7Hz) , 
7.94 (1H, s) 

Preparation 14 

20 (l) A solution of N- (3-aminopropyl) acetamide C146 g) 
in dioxane (710 ml) was added to a solution of 97% 
sodium hydroxide (52 g) in water (620 ml) and then 
carbon disulfide (96 g) was added dropwise thereto 
over 35 minutes at-1 to 5°C. The mixture was stirred 

25 for 1 hour at 0 to 2°C. To the mixture containing 

sodium N-(3-acetamidopropyl)dithiocarbamate was added 

dropwise methyl iodide (179 g) over 35 minutes at 
Q to 5°C and then the resulting mixture was stirred^ 
for 3 hours at the same temperature. Dioxane was dis- 

30 tilled off in vacuo from the reaction mixture and the 
residue was extracted with ethyl acetate (300 ml, 
200 ml x 4). The extracts were dried over magnesium 
sulfate and concentrated in vacuo to give oil of 
methyl N- (3-acetamidopropyl)dithiocarbamate (193.18 g) . 

35 (2) A mixture of a solution of methyl N-(o- 
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acetaraidbpropyl)dithiocarbamate (193 g) i n dioxane 
(610 ml) and a solution of sodium aside (79.42 g) 
in water C500 ml) was refluxed under stirring for 
4 hours. Dioxane was distilled off and the remaining aqueous 
5 layer was washed with diethyl ether (ISO ml x 2) 
adjusted to pH 1 with 17.5? hydrochloric acid, and 
cooled ia aa ice bath. Precipitates were collected by 
filtration and washed with ice-water to give white 

powder of l-C3-acetamidopropyl)-lH-tetrazol-S-thiol 
.0 (91.75 g), mp. 152 to 154°C. 

N.M.R. (dg-DMSO) 

« : 1.87 (3H, s), 1.97 (2H, m) , 3.17 
(2H, m), 4.28 (2H, t, J=7Hz), 
7.9 (1H, broad s) , 15.0 (1H, broad s) 

(3) A mixture of 1- (3-acetamidopropyl) ^tetrazole- 
5- thiol (85 g) and 6N hydrochloric acid (1 £) was 
refluxed for 75 minutes under stirring. The reaction 
mixture was concentrated in vacuo and precipitates 
were collected by filtration and washed with hexane 
and diethyl ether to give 1- (3-aminopropyl) -1H- 
tetrazole-5-thiol hydrochloride (67.15 g) . 

N.M.'R. (D 2 0) 

^ 5 ' : 2.45 (2H,.m), 3.23 (2H, t, J=7Hz), 
4.50 (2H; t, J=7Hz) 

(4) A solution of 2-t-butoxycarbonyloxyimino-2- 
phenylacetonitrile (12.3 g) in dioxane (30 ml) was 
added under ice-cooling to a stirred solution o£ 
1- (3-aminopropyl) -lH-tetrazole-5-thiol hydrochloride 
(9.78 g) and triethylamine (11.1 g) in a mixture of 
dioxane (25 ml) and water (25 ml) , and then the 
resulting mixture was stirred for l.'7S hours at 
ambient temperature. Dioxane was distilled off and 
to the residue were added diethyl ether and a small 
amount of water. After shaking, the aqueous layer 
was separated and the organic layer was extracted 



10 



-44 - 



000747( 



10 



twice with 10% potassium carbonate. The extracts 
combined with the separated aqueous layer were 
washed three times with diethyl ether, adjusted to 
pH 1 with hydrochloric acid and extracted with 
diethyl ether. The extract was washed with water, 
dried and evaporated in vacuo. The residual oil 
(10.92 g) was pulverized with diisopropyl ether to 
give 1- [3- (N-t-butoxycarbonylamino)propyl] -1H- 
tetrazolerS- thiol (9.6 g) , mp. 75 to.77°C. 

I.R. (Nujol) : 3380,. 3260, 1650, 1530, 1170, 
1050 cm" 1 



N.M.R. (CDCA-) 
' 6 : 1.50 (9H, s), 2.14 (2H, m) ■, 3.25 
(2H, m), 4.39 (2H, t, J-7Hz) , 
1S 4.9-6,7 (1H, broad) • 

Preparation 15 

(I) To .a mixture of methyl 5-amino-l,2,4-thiadiazole- 
3-carboxylate (2ff g) , cone. hydrochloric acid (490 ml) 
and a small amount of copper was added dropwise over 
20 40 minutes a solution o£ sodium nitrite, (22.5 g) in 
water (28 ml) at -10 to -15°C. 

The mixture was stirred for 1,5 hours at the same 
temperature -and for 30 minutes at 50 °C. The reaction, 
mixture was poured into ice-water- (500 ml) and extracted 
25 with ethyl acetate. The extract was washed, dried 
and concentrated to give white powder of methyl S- 
chloro-l,2,4-thiadiazole-3-carboxylate (8.9 g) . 
I.R. (Nujol) : 1730, 1430, 138S,_1320, 1220, 
1065, 980, 830 cm" 

30 N.M.R. (CDC*-) 

6 : 4.01 (3H, s) 
(2) A mixture of methyl S-chloro-1,2 ,4-thiadiazole- 
3-carboxylate (7.80 g) , thiourea (3.32 g) , tetra- 
hydrofuran (24 ml) and water (8 ml) was gently, boiled 

35 for 6.5 hours. The reaction mixture was post-treated 
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according to conventional manner to give yellow 
powder of methyl 5 -mer cap to -1,2 ,4-thiadiazole-3- 
carboxylate (7.1 g), mp. 126 to 127°C. 

I.R. (Nujol) : 1730, 1430, 1360, 1270, 1060 cm" 1 

N.M.R. (dg-DMSO) 

6 : 3.91 (3H, s) , 9.33 (1H, m) 
Preparation 16 

(1) Trichloromethylsulfur moaochloride (88.33 g) was 
added at 0°C to a solution of 2-allyB.sothiourea 
hydrobromide (93.6 g) in water (285 ml) and then a 
solution of sodium hydroxide (76 g) in water (300 . ml) 
was added dropwise thereto over 4 hours with stirring.' 
After stirring for 1 hour, the reaction mixture was 
post- treated according to conventional manner to 

give reddish brown oil of 3-allylthio-5-chlorp- 
1,2,4-thiadiazole (84 g) , bp. 105 to lll°C/13mmHg. 
I.R. (Film) : 1450, 1220, 1070 cm" 1 
N.M.R. (CDCA 3 ) 

5 : 3.90 (2H, d, J=6Hz) , S. 15-5. 47 (2H, 
m), 5.67-6.34 (1H, m) 

(2) A mixture of 3-allylthio-5-chloro-l,2,4- 
thiadiazole (15.0 g) , thiourea (5.95 g) , tetra- 
hydrofuran (45 ml) and water (15 ml) was gently 
boiled for 8.5 hours at 65 °C. The reaction mixture 
was post- treated according to conventional manner 
to give powder of 3-allylthio-l ,2 ,4-thiadiazole-5- 
thiol (8.5 g), mp. 107 to 108°C. 

I. R.' (Nujol) : 1510,1430, 1170, 1095, 900 cm" 1 
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Preparation 17 

m A solutior. o£ N- (2-aminopf opji)aoet amide 
(82.9 g) in dioxane (415 ml) was added to a solution 
of 97% sodium hydroxide (29.5 g) in water (330 ml). 
5 To the mixture was added dropwise at 0 to 5°C over 
25 minutes carbon disulfide (54.5 g) , after which the 
mixture was stirred for 1 hour at 0 to 5«C. Methyl 
iodide (101.5 g) was added dropwise over 30 minutes 
at 0 to 3°C to the resultant mixture and the mixture 
10 was stirred for 3 hours at the same temperature. The 
reaction mixture was concentrated and extracted with 
ethyl acetate (.200 ml, 100 ml x2) . The extracts were 
dried over magnesium sulfate and evaporated to give 
oil (164.2 g). The oil was subjected to column 

15 chromatography on silica gel ©00 g) and successively 
eluted with a mixture of benzene and ethyl acetate 
(1-1) and ethyl acetate to give oil of a mixture of 
methyl N-(2-acetamidopropyl)dithiocarbamate and methyl 
N-[l-(acetamidomethyl)ethyl]dithiocarbamate (114.1 g) . 
I. R. (Film) : 3400-3200, 1730, 1670-1630, 
1560-1500, 1310, 1280, 1250, 
1150, 960 cm" 1 



20 



C 2) A mixture of methyl N- (2-acetamidopropyl) - 
25 dithiocarbamate and methyl N- [1- (acetamidomethyl) ethyl] - 
dithiocarbamate C100 g) in dioxane (300 ml) and a 
solution of sodium azide (41 g) in water (270 ml) were 
stirred for 4.5 hours under reflux. The reaction 
mixture was concentrated to half volume under ^educed 
30 pressure, washed with diethyl ether and acidified wiJi 
concentrated hydrochloric acid. The resulting pre- . 
cipitate was collected by filtration and washed wiJi 
diethyl ether to give pale yellow powder of ^^"^ 
(acetamido m ethyl)ethyl]-lH-tetrazole-S-thiol (26. gj , 

3S mp 176 to 178°C. 
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I.E. (Nujol) : 3420, 2850, 1640, 1550, 1520, 
1390, 1350, 1310, 1210, 1050, 
990 cm* 1 

N.M.R. (d 6 -DMS0,S) : 1,40 (3fi, d, J=7Hz), 
5 1.75 (3H, s), 3.51 (2H, m) , 4.91 (1H, m) , 

8.00 C1H, t, J=6Hz) 

(3) A mixture of 1- [1- (acetamidomethyl) ethyl ] -1H- 
tetrazole-5-thiol (23 g) and 6N aqueous hydrochloric 
10 acid (300 ml) was refluxed for 2 hours under stirring 
and evaporated to dryness. The residue was triturated 
with diethyl ether to give 1- [1- (aminomethyl) ethyl ]- 
lH-tetrazole-5-thiol hydrochloride (19 g) , mp 208 to 
210°C. 

15 I.R. (Nujol) : 2800-2400, 1610, 1600, 1510, 1285, 

1200, 1050 cm" 1 
N.M.R, (D 2 0,5) : 1.62 (3H, d, J=7Hz) , 3.70 (2H, m) , 

5.23 (1H, m) 

20 (4) To a solution of 1- [1- (aminomethyl) ethyl ] -1H- 

tetrazole-5-thiol hydrochloride (17 g) and triethyl amine 
(19.33 g) in 50% aqueous dioxane (80 ml) was added a 
solution of 2-t-butoxycarbonyloxyimino-2-phenylacetonitrile 
(21.4 g) in dioxane (50 ml) under cooling in an ice 

25 bath. The mixture was stirred for .1.5 hours at 

ambient temper ature and concentrated to third volume. 
The aqueous solution was washed with diethyl ether 
and the washings were reextr acted with aqueous solution 
of potassium carbonate. The two aqueous solutions , 

30 were combined, washed with diethyl ether and mixed with 
ethyl acetate. The mixture was acidified with 10% 
hydrochloric acid and the organic layer was separated 
out. The solution was dried over magnesium sulfate 
and evaporated to dryness. The Tesidue was triturated 

35 with n-hexane to give 1- [1- { (N-t-butoxycarbonylamino)*- 
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methyl}ethyl]-lH-tetrazole-S-thiol (19.15 g) , ntp 156 
to 158°C. 

I.R. CNujol) : 3270, 3070, 2850, 1660, 1530, 

1500, 1390, 1340, 1500, 1180, 1040 cm" 
N.M.RI (d 6 -DMS0, «) : 1.40 (9H, s), 1.52 (3H, d, 

J=7Hz), 3.41 C2H, m), 4.95 (1H, m) , 

7.05 (1H, m) 
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Example 1 ; 

Preparation of 7- [2-Methox T imino-2- (S-formamido- 
ltZ^-thiadiazol-S-y^acetamidol-S-U-methyl-lH- 
tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid 
5 (syn isomer) . 

A mixture of N,N-dimethylformamide (6 ml) and 
phosphorus oxychlbride (918 mg) was stirred for 30 
minutes at ambient temperature. To the mixture were 
added methylene chloride (6 ml) and 2-methoxyimino-2- 

10 (5-£ormamido-l,2,4-thiadiazol-3-yl)acetic acid (syn 
isomer) (1.1 g) at -15 to -10°C, followed by stirring 
for 30 minutes at the same temperature. A mixture of 
7-amino-3-(l-methyl-lH-tetrazol-5-ylthiomethyl)-3- 
cephem-4-carboxylic acid (1.97 g) and trimethyl- 

15 silylacetamide (6 g) in methylene chloride (60 ml) was 
warmed to make a clear solution. The solution was 
cooled to -15 °C and added to the above obtained solut- 
ion. The reaction mixture was stirred for an hour at 
0°C and poured into a cold aqueous solution of sodium 

20 bicarbonate. The aqueous layer was separated, adjusted 
to pH 2 with 10% hydrochloric acid and extracted with 
ethyl acetate. The extract was dried over anhydrous 
magnesium sulfate and evaporated to dryness. The 
residue was triturated with diethyl ether to give a 

25 crude product of the title compound (2.75 g). The 

crude material was dissolved in an aqueous solution of 
sodium bicarbonate and reprecipitated with diluted 
hydrochloric acid to give the pure title compound 
CI. 5 g), mp. 170 to 175°C (dec.). 

30 I. R. (Nujol) : 3300, 17S0, 1680 cm' 1 

N.M.R. (dg-DMSO, 6) : 3.90 (2H, broad s) , 

3.95 (3H, s), 4.00 (3H, s), 4.33 (2H, 

broad s) , 5.17 (1H, d, J=4Hz) , 

5.87 (1H, 2d, J=4, 8Hz), 8.83 (1H, s) , 

35 9. 70 (1H, d, J=8Hz) 
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Example 2 

Preparation of 7- [2-Methoxyimino-2-(5-amino- 
1,2, 4-thiadiazol-3-yl)acetamido]-3-(l-methyl-lH- 
tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid 

5 (syn isomer) . 

A mixture of 2-meth.oxyimino-2- (5 - amino - 1, 2,4- 
thiadiazol-3-yl) acetic acid (syn isomer] (100 mg) and 
phosphorus oxychloride (306 mg) in methylene chloride 
(5 ml) was stirred for 30 minutes at ambient temperature/ 

10 To the mixture was added N,N-dimethylformamide (0.2 ml) 
under cooling in an ice-bath, followed by stirring for 
30 minutes. A mixture of 7- amino- 3-(l-methyl-lH- 
tetrazol-5-ylthiomethyl)-5-cephem-4-carboxylic acid. 
(300 mg) and trimethylsilylacetamide (0.9 g) in 

15 methylene chloride (9 ml) was warmed to make a clear 
solution. The solution was cooled in an ice-bath and 
added to the above obtained solution, followed by 
stirring for 30 minutes at 0°C. The reaction mixture 
was poured into a cold aqueous solution, of sodium 

20 bicarbonate. The aqueous layer was separated, adjusted 
to pH 1 with 10% hydrochloric acid and extracted with 
ethyl acetate. The extract was dried over anhydrous 
magnesium sulfate and evaporated to dryness. The 
residue was triturated with diethyl ether to, give a 

25 crude product of the title compound (120 mg) . The crude 
material was dissolved in an aqueous solution of sodium 
bicarbonate and reprecipitated with diluted hydrochloric 
acid to give the pure title compound (60 mg) , mp. 170 

to 175°C (dec). _ x 
30 I.R. (Nujol) : 3300, 1770, 1660, 1610, 1520 cm 

N.M.R. (d 6 -DMSO, 6) : 3.73 (2H, broads), 

3.97 (6H, s), 4.33 (2H, broads), 
5.13 (1H, d, JMHz), 5.83 (1H, 2d, • 
J=4, 8.5Hz), 8.12 (2H, s) , 9.57, (1H, 
3 5 d, J=8.5Hz) 
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Example 5 

Preparation o£ 7- [2-Methoxyimino-2- (5-amino- 
l,2,4-thiadiazol-3-yl) acetamido]cephalosporanic acid 
Csyn isomer). 

S A mixture of 2-methoxyimino-2- (5-amino-l,2,4- 

thiadiazol-5-yl) acetic acid Csyn isomer) (1.21 g) and 
phosphorus oxychloride (3.67 g) in methylene chloride 
(30 ml) was stirred for an hour at ambient temperature , 
cooled and thereto was added N,N-dimethylformamide 

10 (2.4 ml), followed by stirring for an additional 30 
minutes under ice-cooling, A mixture of 7-amino- 
cephalosporanic acid (2.94 g) and trimethylsilylacetamide 
(10 g) in methylene chloride (50 ml) was warmed to make 
a clear solution. The solution was cooled in an ice-bath 

15 and added to the above obtained solution, followed by 

stirring for 30 minutes at 0 to 5°C. The reaction mix- 
ture was poured into a mixture of a saturated aqueous 
solution of sodium bicarbonate (60 ml) and ice. The 
aqueous layer (200 ml., pH 7 to 8) was separated and 

20 thereto was added ethyl acetate. The resulting mixture 
was adjusted to pH 1 with 10% hydrochloric acid, 
saturated with sodium chloride and filtered to remove 
an insoluble material. The ethyl acetate layer was 
separated, dried over magnesium sulfate and evaporated. 

25 The residue was triturated with diethyl ether to give a 
crude product of the title compound (2.4 g) . The crude 
material was dissolved in an aqueous solution of sodium 
bicarbonate, treated with activated charcoal (100 mg) , 
adjusted to pH 2 with 10% hydrochloric acid. The pre- 

50 cipitates were collected by filtration, washed with 

ice -water and dried to give the title compound (1.2 g) , 
mp. 180 to 185°C (dec). 

I.R. (Nujol) : 3350, 1780, 1730, 1680, 1620, 
1530 cm" 1 

35 
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K.M.R. (dg-DMSO, 6) : 1.97 (3H, s) , 3.50 (2H, s) , 
3.87 (3H, s), { 4.6 7 ^ Jb14Hz ) f 

5.08 (1H, d, J=4Hz), 5.77 (1H, 2d, 
J=4, 8.5Hz), 8.06 (2H, s) , 9.50 (1H, 
5 • • d, J=8.5Hz) 

Example 4 

Preparation of 7- [Z-Methoxyimino-2- (5-amino- 
l,2,4-thiadiazol-3-yl) acetamido]-3-carbamoyloxymethyl- 

10 3-cephem-4-carboxylic acid (syn isomer). 

A mixture of 2-methoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl).acetic acid (syn isomer) (1. 01 g) and 
phosphorus oxychloride (3.06 g) in methylene chloride 
(25 ml) was stirred for 2 hours at ambient temperature, 

15 cooled to 0°C and thereto was added N,N-dimethyl- 
formami.de (2.0 ml), followed by stirring for an 
additional 45 minutes at 0°C. A mixture of 7-aminb- 
3-carbamoyloxymethyl-3-cephem-4-carboxylic acid (4.9 
g) and trimethylsilylacetamide (11 g) in methylene 

20 chloride (100 ml), was warmed to make a clear solution. 
The solution was cooled to -15°C and added to the 
above obtained solution, followed by stirring foT 30 
minutes at 0°C. The reaction mixture was poured into 
a cold aqueous solution of sodium bicarbonate. 

25 The aqueous layer was separated and thereto was added 
ethyl acetate. The resulting mixture was adjusted to 
pH 2 with 10% hydrochloric acid, filtered to remove an 
insoluble material and then saturated. with sodium 
chloride. The ethyl acetate layer was separated, 

30 dried over magnesium sulfate and evaporated. The 
residue was triturated with diethyl ether to give a 
crude product of the title compound (1.2 g) . The 
crude material was' dissolved in an aqueous' solution 
of sodium bicarbonate, and reprecipitated with 10% 

55 hydrochloric acid. The precipitates were collected by 
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filtration, washed with water and dried to give the 
title compound (0.35 g) , mp. 185 to 190°C (dec.). 
I.R. (Nujol) : 3350, 1780, 1720, 1680, 1620, 



15 30 cm" 1 

N.M.R. (dg-DMSO, 5) : 3.52 (2H, s), 3.92 (3H, s) , 

{J;|5 (2H, ABq, J=12Hz) 

S.14 (1H, d, J=4Hz), 5.80 (1H, 2d, 
J=4,8Hz), 6.58 (2H, s ), 8.10 (2H, s) , 
9.54 (1H, d, J=8Hz) 



Example 5 

Preparation of 7- [Z-Methoxyimino-2- (5-amino- 
l,2,4-thiadiazol-3-yl) acetamido] -2-methyl-3-cephem-4- 

i-5 carboxylic acid (syn isomer).. 

A mixture of 2-methoxyimino-2- (5-amino-l,2,4- 
thiadiazol-3-yl) acetic acid (syn isomer) (1.21 g) and 
phosphorus oxychloride (3.67 g) in methylene chloride 
(30 ml) was stirred for two hours at ambient temperature, 

20 cooled to 0°C and thereto was added N,N-dimethylformamide 
(2,4 ml), followed by stirring for an additional 45 
minutes at 0°C. A mixture of 7-amino-2-methyl-3- 
cephem- 4 -carboxylic acid (3.0 g) and trimethylsilyl- 
acetamide (10 g) in methylene chloride (50 ml) was 

25 warmed to make a clear solution. The solution was 

cooled to -15°C and added to the above obtained solut- 
ion, followed by stiTring for 30 minutes at 0°C. 
The reaction mixture was poured into a cold aqueous 
solution of sodium bicarbonate. The aqueouk layer 

30 was separated and thereto was added ethyl acetate. 
The resulting mixture was adjusted to pH 2 with 10% 
hydrochloric acid and the ethyl acetate layer was 
separated, dried over anhydrous magnesium sulfate and 
then evaporated. The residue was triturated with 

35 diethyl ether to give a crude product of the title 
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compound (2.2 g) . The crude material was dissolved 
in an aqueous solution of sodium bicarbonate, adjusted 
to pH 2 with 10% hydrochloric acid. The precipitates 
were collected by filtration, washed with ice-water 
and dried to give the title compound (1.6 g), mp. 175 

to 180°C (dec). 

I.R. (Nujol) : 3350, 1775, 1675, 1630, 1530 cm" 
N.M.R. (dg-DMSO, 6) : 1.43 (3H, d, J=6Hz) , 

3.6-3.9 C1H, m), 3.93 (3H, s), 5.07 
(1H, d, J=4Hz), 5.87 (1H, 2d, J=4,8Hz), 
6.53 (1H, d, J-SHz), 8.08 (2H, s) , 
9.55 (1H, d, J»8Hz) 

Example 



15 Preparation of 4-Nitrobenzyl -7- [2-methoxyimino- 

2- (S-andno-l,2,4-thiadiazol*3-yl)acetamido]-3-cephem- 
4-carboxylate (syn isomer) (I) and 4-nitrobenzyl 7-[2- 
methoxyimino-2-{5--{N' - (N,N- dime thy laminome thy lene) - 
amirio}-l,2,4-thiadiazol-3-yl}acetamido]-3-cephem-4- 

20 carboxylate Csyn isomer) (II). 

A mixture of 2-methoxyimino-2-(S-amino-l,2,4- 
thiadiazol-3-yl) acetic acid (syn isomer) (1.21 g) and 
phosphorus oxychloride (3.67 g) in methylene chloride 
(30 ml) was stirred for 2 hours at ambient temperature, 

25 cooled to 0°C and thereto was added N,N-dimethylformamide 
(2.4 ml), followed by stirring for an additional 45 
minutes at 0°C. A mixture of 4-nitrobenzyl 7-amino- 

3- cephem-4-carboxylate (2.68 g) and trimethylsilyl- ( 
acetamide (8 g) in methylene chloride (80 ml) was 

30 stiTred for 2 hours at ambient temperature to make a 
clear solution. The solution was cooled to 0°C and 
added to the above obtained solution, followed by 
stirring for 30 minutes at 0 to 5°C. The reaction 
mixture was pouTed into a cold aqueous solution of 

35 sodium bicarbonate. The methylene chloride layer was 
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separated, dried over magnesium sulfate and evaporated. 
The residue was triturated with diethyl ether to give 
a mixture of crude product 1 of the title compound (I) 
and (II) (3.7 g) . The crude powder was subjected to 
column chromatography on silica gel using ethyl acetate 
as an eluent to firstly give the title compound (I) 
(1.0 g), mp. 150 to 155 °C. From subsequent fractions, 
there was obtained the title compound (II) (l.l g) 
mp. 115 to 120°C. The title compound (I) has the 
following I.R. and N.M.R. spectra; 

I.R. (Nujol) : 3300, 1770, 1720, 16 70, 1620, 
1510 cm" 1 

•N.M.R. (d 6 -DMSO, 5) : 3.63 (2H, broad d, J=3Hz), 
3.93 (3H, s), 5.17 (1H, d, J=4Hz), 
15 5.43 (2H, s), 5.92 (1H, 2d, J=4,9Hz) , 

6.67 (1H, t. J=3Hz), 7.70 (2H, d, J=8Hz) , 
8.08 (2H, s), 8.23 (2H, d, J=8Hz), ' 
.9.55 (1H, d, J=9Hz) 
The title compound (II) has the following I.R. and 
20 N.M.R. spectra; 

I.R. (Nujol) : 3300, 1770, 1720, 1670, 1610 cm" 1 
N.M.R. (d 6 -DMSO, 6) : 3.07 (3H, s) , 3.20 (3H, s) , 

3.63 (2H, broad d, J=3Hz), 3.97 (3H, s) , 
5.17 (1H, d, J=4Hz), 5.43 (2H, s) , 
25 - S.93 (1H, 2d, J=4,8Hz), 6.67 (1H, t, 

J=3HZ), 7.70 (2H, d, J=8Hz), 8.23 (2H, 
d, J=8Hz), 8.47 (1H, s) , 9.60 (1H, d, 
J»8Hz) 

30 



35 
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■ Example 7 

A mixture o£ 2-ethoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl)acetic acid (syn isomer) (1.3 g) and 
phosphorus oxychloride (3.67 g) in methylene chloride 
S (30 ml) was" "stirred for 2 hours at ambient temperature 
and then cooled to' -12 to -15 8 C. To the cold mixture 
was added dimethylformamide (2.4 ml) and the mixture 
was stirred for 45 minutes at -8° to -10'C. On the 
other hand, a mixture of 7-amino-3-(l,3,4-thiadiazol- 
10 2-yl)thiomethyl-3-cephem-4-carboxylic acid (2.9 g) 

' and trimethylsilylacetamide (8 g) in methylene chloride 
(40 mi) was warmed to make a solution. The solution 
was cooled to -2S°C and added to the above activated 
mixture. The reaction mixture was stirred for 30 
15 minute-s at -8 to -10°C and poured into a cold aqueous 
solution" of sodiunTbicaTbonate. The mixture was 
stirred for 30 minutes at ambient temperature and the 
• aqueous layer was separated out. The aqueous solut- 
ion was adjusted topHl with 10% hydrochloric acid 
20 and extracted with ethyl acetate. The extract was 
dried over magnesium sulfate and evaporated to dry- 
ness. The residue was triturated with diethyl ether 
to give a crude 7-[2-ethoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-'yl)acetamido]-3-(l,3,4-thiadiazol-2-yl)- 
25 thiomethyl-3-cephem-4-carboxy lie acid (syn isomer) 
(2^6 g) . The crude product was dissolved in an 
aqueous solution of sodium bicarbonate and repreci- 
pitated with an addition of 10% hydrochloric acid to 
give pure object compound (1.92 g) . mp 150 to 155 e C 

30 (dec.) 

I. R. (Nujol) : 3350, 3230, 1775, 1680, 1620, 

' - " ; ' 1530 cm" 1 ' ' 

N.M.R. (d 6 -DMS0, 6) : 1.27 (3H, t, J-7Hz) , 

3.72 (ZH, broad s), 4.22 (2H, q,* J~7Hz) 

35 4.32 and '4.55 (2H, ABq, J»13Hz), 
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5.17 (lH,d, j=SHz), 5.83 (1H, dd, 
J«S and 8Hz), 8.13 (2H, broad s), 
9.56 (1H, d, J=8Hz), 9.57 (1H, s) 

Example 8 

S A mixture o£ 2-isopropoxyimino-2- (5-amino-l ,2 ,4- 

thiadiazol-3-yl) acetic acid (syn isomer) (1.38 g) and 
phosphorus oxychloride (3.67 g) in methylene chloride 
(30 ml) was stirred for % 1.5 houTs at ambient tem- 
perature and then cooled to -12 to-lS°C. 

1° To the cold mixture was added dimethylf ormamide 

(2.4 ml] and the mixture was stirred for 45 minutes 
at -8° to -10 °C. On the other hand, a mixture of 
7-amino-3-(l,3,4-thiadiazol-2-yl) thiomethyl-3-cephem- 
4-carboxylic acid (2.9 g) and trimethylsilylacetamide 

15 (8 g) in methylene chloride (40 ml) was warmed to 
make a solution. The solution was cooled to ^25 °C 
and added to the above activated mixture. The re- 
action mixture 'was stirred for 30 minutes at -10 °C 
and poured into a cold aqueous solution of sodium 

20 bicarbonate. The mixture was stirred for 30 minutes 
at ambient temperature and the aqueous layer was 
separated out. The aqueous solution was adjusted to 
pH 1 with 10% hydrochloric acid and extracted with 
ethyl acetate. The extract was dried over magnesium 

25 sulfate and evaporated to dryness. The residue was 
triturated with diethyl ether to give a crude 7-[2- 
xs opx op oxyimino - 2 (5 - amino -1,2,4- thiadia zol-3-yl)- 
ace tamidb ] - 3 - (1 , 3 , 4^-thiadia z o 1 - 2 -yl) thiome thy 1 - 3 - 
cephem-4-carboxylic acid (syn isomer) (2.25 g) . 

30 The crude product was dissolved in a mixture of 

acetone g.nd ethyl acetate. The acetone was evapo- 
rated and the precipitates were collected by filt- 
ration to give the same object compound (1.53 g) , 
which was dissolved in an aqueous solution of sodiuifl 

35 bicarbonate and reprecipitated with an addition of 
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101 hydrochloric acid to give pure object compound 
CI. 23 g). mo 145 to 1-50°C Cdec.) 

I.R. (Nujol.) : 3370, 3230, 1780, 1680, 162S, 
1530 cm" 1 

N.M.R. (d 6 -DMS0, 5) : l".25 (6H, d, J=6Hz) , 
3.68 (2H, broad s) , 4.2-4.6 C1H, m) , 
• 4.28 and 4.55 (2H, ABq, J-13Hz), 5.13 
•C1H, d, J*5Hz), 5.80 (1H, dd, J=5 and 
" 8Hz) 8.12 C2H, broad s), 9.50 (1H, d, 
J»8Hz), 9.53 (1H, s) 



Example 9 

A mixture of phosphorus pentachloride (250 mg) 
and methylene chloride (5 ml) was stirred for 10 
minutes at ambient temperature. 2-Isopropoxyimino- 
2- (5-amino-l,2 ,4-thiadiazol-3-yl) acetic acid Csyn 
isomer) C230 mg) -was added thereto at -15 °C and the 
mixture was stirred for 45 minutes at -10 to -13°C. 
A solution of 7-aminocephalosporanic acid (350 mg) 
and .trimethylsilylacetamide (1 g) in methylene 
chloride (5 ml) was added thereto at -15 °C and the 
mixture was stirred for 30 minutes at -10°C. To the 
reaction mixture were added a saturated aqueous 
solution of sodium bicarbonate (8 ml) and water (10 
ml), and then methylene "chloride was evaporated. 
To the aqueous layer was added ethyl acetate, and 
the mixture was adjusted to pH 2 with 10% hydrochloric 
acid and then extracted with ethyl acetate. The 
extract was dried over- magnesium sulfate and concent- 
rated. The residue was triturated with diethyl ether 
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and precipitates were collected by filtration to 
give 7- [2-isopropoxyimino-2-C5-amiao-l,2,4-thiadia2ol- 
3-yl)acetamido]cephalosporanic acid (syn isomer) 
(450 mg). mp 150 to 155°C.(dec.) 
5 I. R. (Nujol) : 3300, 1780, 1725, 1660, 1520 ca' 1 

N.M.R. Cd 6 -DMSO, 5) : 1.30 (6H, d, J-6H2) , 

. • 2.08 (3H, s), 3.62 (2H, broads), 4.33 - 
4.67, (1H, m), 4.77 and 5.03 (2H, ABq, 
J».13Hz), S.22 (1H, d, J»4Hz), 5.87 (1H, 
10 dd, J=4 and 8Hz) , 8.17 (2H, s), 9.53 (1H, 

d„ J=8Hz) 
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Example 10 

To a cold solution of phosphorus pent achlo ride 
(2.5 g) in methylene chloTide (60 ml) was added 

2- ethoxyimino-2- (5-amino- 1 ,2 , 4-thiadiazol- 3-yl) acetic 
acid (syn isomer) (2. 16 g) at -15°C and the mixture 
was stirred for 30 minutes at the same temperature. 

On the other hand, a mixture of 4-nitrobenzyl 7 -amino - 

3- cephem-4-carboxylate (*4.0 g) and trimethylsilyl- 
acetamide (12 g) in methylene chloride (60 ml) was 
warmed to make a clear solution and then cooled to 
-10 °C. The solution was added to the above activated 
mixture and the mixture was stirred for 0.5 hour at 

0 to 5°C. The reaction mixture was poured into cold 
aqueous solution (ISO ml) of sodium bicarbonate (7.0 g) . 
The organic layer was dried over magnesium sulfate 
and evaporated to dryness. The residue was pulverized 
with diethyl ether and precipitates were collected by 
filtration and dried to give 4-nitrobenzyl 7- [2- 
e thoxy imino - 2 - (5 - amino -1,2, 4-thiadiazol- 3-yl) ace t amido ] ■ 
3-cephem-4-carboxylate (syn isomer) (5.5 g) , mp. 120 to 

125 °C (dec). 

I.R. (Nujol) : 3300, 1770, 1720, 1670, 1620, 
1605, 1520 cm" 1 

N.M.R. (dg-DMSO, 6) : 1.23 (3H, t, J=7Hz), 

3.50-3.70 (2H, m) , 4.33 (2H, q, J=7Hz) , 
5.10 (1H, d, J=4Hz), 5.37 (2H, s), 
5.88 (1H, dd, J»4 and 8Hz), 6.60 (1H, 
t, J=4Hz), 7.63 (2H, d, J=8Hz) , 
8107 (2H, s), 8.17 (2H, d, J=8Hz) , 
9.50 C1H, d, J=8Hz) 

Example 11 

The following compounds were prepared by similar 
manners to those described in Examples 1 to 10. 
(1) 7- [2-Methoxyimino-2-(5-amino-l,2,4- 
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thi adi az'ol - 3 -y 1 ) ace tamido ] - 3 - ( 5 -me thy 1-1,3,4- 

thiadia2ol-2-y.lthiomethyl)-3-cephem-4-carbox)'lic 
acid (syn. isomer), mp. 175 to 180°C (dec). 

I.R. (Nujol) : 3350, 1780, 1680, 1625, 1530 cm" 1 
5 N.M.R. (d^DMSO, 5) : 2.72 (3H, s) , 3.70 C2H, s), 

4.00 C3H, s), 4.25, 4.53 (2H, ABq, 
J=14Hz), 5.16 C1H, d, J»4Hz), 5.83 (1H, 
2d, JM,8Hz), 8.13 (2H, s), 9.58 (1H, 
d, J=8Hz) 

10 (2) 7-[2-Methoxyimino-2-CS-amino-l,2,4- 

thiadiazol- 3-yl) acetamido] - 3- (1 , 3,4- th.iadiazol-2 - 
ylthiomethyl) -3-cephem-4-carboxylic acid (syn isomer), 
mp. 172 to 177°C (.dec). 

I.R. (Nujol) : 3350, 177S, 1680, 1625, 1530 cm" 1 
IS • N.M.R. (dg-DMSO, 5) : 3.80 (2H*, s), 4.00 (3H, s) , 

4.38, 4.67 C2H, ABq, J=14Hz) , 
5.22 (1H, d, J=5Hz), 5.90 (1H, 2d, 
J«S,8Hz), 8.20 C2H, s), 9.63 (1H, s) , 
9.67 (1H, d, J=8Hz) 
20 (3) 7-[2-Methoxyimino-2-(5-amino-l,2,4-th.iadiazol- 
3-yl)acetamidp]-3-(l-allyl-lH-tetrazol-5-ylthiomethyl)- 
3-ceph.em-4-carboxylic acid (syn isomer), mp'. 170 to 
172°C (dec.). 

I.R. (Nujol) : 3350, 1780, 1680, ,1625, 1530 cm" 1 
25 N.M.R. (dg-DMSO, 6) ; 3.67 (2H, s) , 3.93 (3H, s), 

(2H, ABq, J-13Hz), 4.9-5.5 (5H, m) , 

5.6-6.3 (2H, m), 8.10 (2H, s) , 
9.53. (1H, d, J=8Hz) 
30 (4) 7- [2-Methoxyimino-2-(5-amino-l,2,4-thiadiazol- 

3-yl) acetamido]-3-cephem-4-carboxylic acid Csyn isomer), 
mp. 190 to 195°C (dec). 

I.R. (Nujol) :.3350, 1775, 1680, ,1630, 1530 cm" 1 
55 < 
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(5) 7-[2-Propoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl)acetamido]-3-(l,3,4-thiadiazol-2- 
y l)thiomethyl-3-cephem-4-carboxylic acid (syn 

isomer), mp 130 to 133 °C (dec.) 
5 I. R. (Nujol) : 3380., 3230, 1780, 1680, 

1625, 1530 cm" 1 
N.M.R. Cd 6 -DMS0, 6) : 0.92 (3H, t, J=6Hz) , 

1.3-2.1 (2H, m), 3.12 (2H, t, J=6Hz) , 
3.72 (2H, broad s) , 4.33 and 4.58 
10 - - (2H, ABq, J=13Hz) , 5.17 UH, d, J-SHz) 

-5.82 (1H, dd, J=5 aad 8Hz), 8.12 (2H, 
'broad s), 9.53 (1H, d, J=8Hz) , 9.57 C1H, 
s) 



20 



25 

i 



30 



35 
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(6 ) 7-[2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl) acetamido]-3- [5- (N-t-btrtoxycarbonyl- 
amino) methyl -1,3,4- thiadiazol - 2 -y 1] thiorae thyl - 3- 
cephem-4-carboxylic acid (syn isomer) ,'*mp ISO to 
155 °C (dec.) 

I. R. (Nujol) : 3350, 3250, 1780, 1670 cm" 1 
N.M,R. Cd 6 -DMS0, 6) : 1.40 (9H, s) , 3.70 (2fl, 
broads), 3.93 (3H, s), 4.30 and 4.53 
C2H, ABq, J-13H2). 4.53 (2H, d, J-SHz) , . 
5.17 C1H, d, J=4Hz), 5.83 (1H, dd, J=4 
and 8Hz), 8.13 (2H, s), 9.57 (1H, d., 
J=8Hz) 

(7 ) 7-[2-Methaxyimino-2-(5-amino-l,2,4- 
thiadiazol- 3-y 1) ace tamido ] - 3 * CS - ally 1 thi o- 1 ,3,4- 
thiadiazol-2-yl) thiomethyl-3-cephem-4-carboxylic 
acid (syn isomer), mp 160 to 165°C.(dec.) 

I. R. (Nujol) : 3350, 3250, 1780, 1680, 

1620 cm" 1 

. N.M.R. (dg-DMSO, 6) : 3.70 (2H, broad s) , 
3.9',- 4.0 (2H, m), 3.93 (3H, s) , 
4.27 and 4.50 (2H, ABq, J*14Hs) , 
5.15 (1H, d, J=4Hz), 5.1-S.5 (2H, m) , 
5.6-6.2 (1H, m), 5.85 (1H, dd, J=4 and * 
8Hz), 8.13 (2H, s), 9.57 (1H, d, J=8Hz) 
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(8) 7-[2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol - 3 -yl ) ace tamido ] - 3 - ace tyl thiome thyl - 3 - 
cephem-4-carboxylic acid (syn isomer), mp 178 to 
18 2 °C (dec.) 

I. R. (Nujol) : 3350, 32S0, 1780, 1680, 1620 cm 
N.M.R. (dg-DMSO, 6) : 2.83 (3H, s) , 3.27 and 
3. 57 C2H, ABq, J=18Hz) , 3.83 C3H, s), 
3.73 and 3.97 (2H, ABq, J=13Hz), 5.04 
(1H, d, J*4Hz), S.72 C1H, dd, J»4 and 
8Hz) , 8 .07 C2H, s) , 9.47 (1H, d, J»8Hz) 
(9 ) 7-[2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl)acetamido]-3-pyrazinylthiomethyl-3- 
cephem-4-carboxylic acid (syn isomer} .mp 170 to 

174°C (dec.) 

I. R. CNujol) : 3350, 3250, 1780, 1680, 1620, 

1530 cm" 1 

CLO) 7-[2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl) ace tamido] -3- (2-thia£63iin-2-yl)- 
thiomethyl-3-cephem-4^carboxylic acid (syn isomer) . 
mp 175 to 180°C (dec.) 

I. R. (Nujolj : 3350, 3250, 1780, 1680, 1620, 
1530 cm" 1 

(11) 7 - [ 2 -Me thoxymino - 2 - (5 -amino- 1 , 2 , 4 - thia - 
diazol-3-yl)acetamido]-3-(teirazolo[l,5-b]pyTidazin- 

6-yl)thiomethyi-3'-cephem-4-caTboxylic acid (syn 

isomer), mp 175 to 180°C (dec.) 

I. R. (Nujol) : 3400, 3250, 1885, 1725, 1670, 
1640, 1540 cm" 1 

(12) ■ 7-[2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl)acetamido]-3-[l-(2-(N-t-butoxy- 
carbonylamino)ethy'lKLH-tetra2ol-5-yl]thiomethyl-3- 

cephem-4-carboxyl"ic acid (syn isomer), mp 200 to 

205°C Cdec.) 

I. R. (Nujol) : 3300, 1780, 1700, 1680, 1620, 

.1520 cm" 1 
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0L3 ) 7 - [ 2 -Me thoxy imino - 2 - (5 - amino -1,2,4- 
thiadiazol-3-yl)acetamido] -3- (1-propyl-lH-tetrazol- 
5-yl) thiomethyl-3-cephem-4-carboxylic acid Csyn 
isomer), mp 155 to 160°C C<iec.) 
5 I. R. (Nujol) : 3350, 3250, 1780, 1680, 

1630^: 1530 cm" 1 
(14 ) 7- [2 -Me thoxy imino- 2- (5-amino-l,2,4- 
thiadiazol-3-yl)acetamido] -3- [l-(3-methoxypropyl) - 
lH-tetrazol-5 -yl] thiomethyl-3-cephem-4-carboxylic 
0 acid (syn isomer), mp 165 to 167°C (dec;) 

I, R. (Nujol) : 3350, 3250, 1780, 1680, 

1620, 1530 cm" 1 
0-5 .) 7 - [ 2 -Me thoxy imino - 2 - C 5 - amino -1,2,4- 
t hi adi azol-3-yl)acet ami do]-3-(5-me t hy 1 -1,2,4- 
5 thiadiazol-S-yl) thiomethyl-3-cephem-4-carboxylic 
acid (syn- isomer) • mp 178 to 182°C (dec.) 

I. R. (Nujol) : 3350, 3250, 1780, 1680, 

1630 v 1530 cm" 1 
(L6 ) 7- [2-Methoxyimino-2-(5-amino-l,2,4- 
0 thiadi azol - 3 -yl ) ace t ami do] - 3- (5 -methoxymethy 1- 1 ,3,4- 
thiadiazol-2-yl) thiomethyl-3-cephem-4-carboxylic 
acid (syn isomer) . mp 170 to 174°C (dec.) 

I. R. (Nujol) : 3350, 3250, 1780, 1680, 

1630$i 1530 cm" 1 
5 ( 17) 7 - [2 -Me thoxy imino- 2 - (5 - amino -1,2,4- 

thiadiazol- 3-yl) acetamido] -3- (5 -methyl thiomethyl- 
1,3,4- thiadiaz ol - 2 -y 1) thiomethyl - 3 - cephem- 4 - 
carboxylic acid (syn isomer), mp 173 to 17S°C C^ec.) 
I .R. (Nujol) : 3350, 3250, 1780, 1680, 
0 1630, 1530 cm" 1 

(18 ) 7 - [ 2 -Me thoxy imino - 2 - ( 5 - amino -1,2,4- 
thiadiazol- 3-yl) acetamido] -3- (4 -propyl -4H- 1,2,4 - 
triazol-3-yl) thiomethyl-3-cephem-4-carboxylic acid 
(syn isomer), mp 182 to 184°C (dec.) 

5 I. R. (Nujol) : 3550, 3250, 1730, 1680, 1620, 

IS 30 cm-1 
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(19) 7 -[2 -Methoxyimino- 2 -(5 -amino -1,2,4 - 
thiadiazol-3-yl) acetamido] -3-(l-methylthiomethyl- 
iH-tetTazol-5-yl)thiomethyl-3-ceph.em-4-carboxylic . 
acid (syn isomer), mp 175 to 178 °C Cdec.) 

I. R.'CNujol) : 3350, 3250, 1780, 1680, 1620, 
1530 cm" 1 

(20 ) ' 7 - [2 -Methoxyimino- 2 - (5 - amino -1,2,4- 
thiadiazol-3-yl) acetamido] -3- (1-isopropyl-lH- 
tetrazol-5-yl)thiomethyl-3-cepKem-4-carboxylic acid 
(syn isomer), mp 180 to 182<C (dec.) 

I..R. (Nujol) : 3350, 3250, 1780, 1680, 
. 1630, 1530 cm" 1 

(21) 7-[2-Methoxyiraino-2-(5-amino-l,2,4- 

thiadiazol- 3 -yl) acetamido] - 3- [1-T2 -hydroxyethyl) - 1H- 
tetrazol-5-yl]thiomethyl-3-cephem-4-carboxylic acid 

(syn isomer), mp 170 to 175°C (dec.) 

I. ;R. (Nujol) : 3350, 3250, 1780, 1680, 
. ,1625, 1530 cm" 1 - 

(22) 7-[2-Methoxyimino-2-(S-amino-l,2,4- 
thiadiazol-3-yl) acetamido] -3- [5- (2 -hydroxyethyl) - 
l,3,4rthiadiazol-2-yl]thiomethyl-3-cephem-4- 
carboxylic acid (syn isomer) . mp 175 to 180 °C (dec.) 

1. R. (Nujol) : 3350, 32S0, 1780, 1680, 1630, 
1530 cm" 1 

C23). 7-[2-Methqxyimino-2-(5-amino-l,2,4- 

thiadiazol- 3 -yl) acetamido] -3- (5 -propyl -1,3,4- 
thiadiazol-2-yl)thiomethyl-3-cephem-4-carboxylic 

acid (syn isomer), mp 177 to 180°C (dec.) 

I. R. (Nujol) : 3350, 3250, 1780, 1680, 
; . 1630, 1530 cm" 1 

(24) 7- [2 -Methoxyimino- 2 -(5 -amino -1,2,4 - 
thiadiasol-3-yl) acetamido] -3- (S-hydroxymethyl-1, 3,4- 
thiadia:ol-2-yl)thiomethyl-3-cephem-4-carbpxylic 

acid (syn isomer), mp 165 to 170°C (dec.) 

I. R. (Nujol) : 3350, 3250, 1780, 1680, 1620, 
1530 cm-1 
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( 25) 7 - [ 2 -Me thoxyimino - 2 - C5 - amino -1,2,4- 
thiadiazol-3-yl) acetamido] -3- CS-methanesulfonamido- 
roethyl-l,3,4-thiadiazol-2-yl)thiomethyl-3-cephem- 
4-carboxylic acid (syn isomer), mp 170 to 17S°C 
. 5 (dec.) 

I. R. (Nujol) : 3350, 3250, 1780, 1680, 
1620, 15*30 cm" 1 

(26) 7- [2-Methoxyimino-2-(S-amino-l,2,4- 
t"aiadiazol-3-yl)acetamido] -3-(3-allyltliio-l,2 ,4- 

10 thiadiazol-S-yl) thiomethyl-3-cephem-4-carboxylic 
acid (syn isomer), mp 170 to 173°C (dec.) 

I. R. (Nujol) : 3350, 3250, 1780, 1680, 
1620, 1530 cm" 1 

(27) 7-[2-Methoxyimino-2-(5-amino-l,2,4- 

15 thiadiazol-3-yl) acetamido] -3--(S-mesylmethyl-l, 3,4 - 
thiadiazol-2-yl) thiomethyl-3-cephem-4-carboxylic 
acid (syn isomer), mp 175 to 180°C (dec.) 

I'. R. (Nujol) : 3350, 3250, 1780, 1680, 
1620, 1530 cm" 1 
20 (28) Sodium 7> [2ymethoxyimino-2-(5-amino- 

l,2,4-thiadiazol-3-yl) acetamido] -3- (l-sul£onatomethyl 
lH-tetrazol-5-yl)thidmethyl-3-cephem-4-carboxylic 
acid (syn isomer), mp 205 to 210°C (dec.) 

I. R. (Nujol) :'3350, 3250, 1780, 1680, 
25 1530 cm" 1 

(29) 7-[2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl) acetamido] -3-(4-methyl-4H-l,2,4- 
triazol-3-yl)thiomethyl-3-cephem-4-carboxylic acid 
(syn isomer), mp 180 to 185°C (dec.) 
50 I. R. (Nujol) : 3350, 3250, 1780, 1680, 

1620, 1530 cm" 1 

DO) 7-[2-Methoxyimino-2-(S-amino-l,2,4- 
thiadiazol-3-yl) acetamido] -3- [l-{ 2- (N,N-dimethylamino 

ethyl}-lH-tetrazol-5-yl]thiomethyl-3-cephem-4- 
35 carboxylic acid (syn isomer), mp 185 to 190°C (dec.) 



I. R. (Nujol) ; 5350, 3250, 1780, 1680, 
1620, 1530 cm" 1 

(31) 7- [2-Methoxyimino-2- (5-araino-l,2 ,4- 
thiadiazol-3-yl)acetamido]-3- [4- (3-methoxypropyl) - 
4H-1, 2,4- triazol-3-yl] thiomethyl- 3-cephem-4- 
caTboxylic acid (syn isomer), mp 175 to 180°C (dec.) 

I. R.. (Nujol) : 3350, 3250, 1780, 1680, 
1620, 1530 cm" 1 

(32) 7- [2-Methoxyimino-2- (5-amino-l,2 ,4- 
thiadiazol-3-yl)acetamido]-3- [5-(2-aminoethyl)-l,5,4 
thiadiazol- 2-yl ] thiomethyl - 3-cephem- 4-carboxylic 
acid (syn isomeT). mp 205 to 210°C (dec.) 

I. R. (Nujol) : 3200, 1770, 1670, 1620, 
1530 cm" 1 

(33) 7- ^-Methoxyimino^-CS-amino-l^^- 
thiadiazol - 3 -yl ) ace t ami do ] - 3- (5 - aminome thyl- 1 ,3,4- 
thiadiazol- 2 - y 1 ) thiome thy 1 - 3 - cephem- 4 - carboxy 1 ic 
acid (syn isomeT). mp 210 to 215°C (dec.) 

I. R. (Nujol) : 3350, 5200, 1770, 1680, 1620 cm 

(34) 7- [2-Metkoxyimino-2-(S-amind-l,2i4-''' 
thiadiazol- 3-yl) ace tamido] -5- [1- (2- amino ethyl) -1H- 
tetrazol-S-yl] thiomethyl- 3-cephem-4-carboxylic acid 
(syn isomer), mp 200 to 205°C (dec.) 

I. R. (Nujol) : 3550,' 3200, 1775; 1670, ' 
1620, 1530 cm" 1 



(35) 7-[2-Ethoxyinino-2^(S-amlno-l t 2 p 4- 

thiadiazol-3-yl)acetamido]cephalosporanic acid 
(syn isomer), mp 140 to 156 8 C (dec.) 

I. R. (Nujol) : 3370, 3250, 1780, 1730, 1680, 

1620, 1530, 1380, 1240, 1040 cm 
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N.M.R. (dg-DMSO, 6) : 1.23 (3H, t, J»7Hz), 2.00 

(3H, s), 3.7 (2H, m), 4.17 (2H, q, J=7Hz)-, 
4.63 and 5.00 (2H, ABq, J=»12Hz) , 5.10 (1H, 
d, J=4.5Hz), 5.80 (1H, dd, J=4.5 and 8.0Hz), 
8.1 (2H, broad s), 9,53 (1H, d, J=8Hz) . 

. OS) . 7- [2-Etaoxyimino-2-(5-aaino-l,2,4- 
thiadiasol-3-yl)acetamido]-3- [l-{5- (N-t-'butoxy- 

caTbonylamino)propyl}-lH-tetra2ol-5-yl]thiomethyl- 
3-cepaem-4-carboxylic acid (syn isomer), up 183 
to 188 °C. (dec.) " 

I.R. (Nujol) : 3370, 3240, 1780, 1690, 1630, 

1530, 1580, 1260, 1170, 1040 cm" 1 

07) 7-[2-Ethoxyimino-2-(S-amino-l,2,4- 
thiadiazol-3-yl)acetamido]-3- [l-{2-(N-t-butoxy- 
carbony 1 amino ) e thyl } -1H- 1 e tr asol - 5 -yl ] thiome thyl - 
3-cephem-4-carboxylic acid (syn isomer) . 

I.R. (Nujol) : 3360, 3240, 1780, 1690, 1650, 

1530, 1375, 1250, 1170, 1040 cm" 1 

08) 7- [ 2 -E thoxy inino - 2 - ( 3 - z^ino -1,2,4- 
ti.iadia.zcl- 5-yl) acetaniido] -3- Cl-neihyl-lH- terrain 1 - 
5-yi)thionethyl-3-cephen-4-carbcx>-lic acid (syn 
isomer), mp 156 to 159°C (dec.) 

I.R. (Nujol) : 3360, 5250, 1780, 1680, 

1625, 1330, 1080, 1040 cn" 1 
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(33) 7- [2-Ethoxyiminp-2- (5-amino-l,2,4- 
thiadiazol-3-yl)acetamido]-3- [i-{2- (N,N- dimethyl amino) - 
e t hy 1 }-lH-tetrazol-5-yl] th.iome thy 1 - 3 - c ephem- 4 - 
carboxylic adid (syn isomer), mp 177 to 180°C (dec.) 
I.R. (Nujol) : 3380, 3250, 1775, 1670, 1620, 

1535, 1380, 1040 cm" 1 
(40) 7- [2-Ethoxyimino-2- (5-amino-l,2,-4- 
thiadiazol-3-yl)acetamido]-3-(l-allyl-lH-tetrazol-5- 
yl) thiomethyl-3-cephem-4-carboxylic acid (syn isomer), 
mp 160 to 165°C (dec.) 

I.R. (Nujol) : 3380, 3250, 1780, 1680, 1630, 
1530, 1380, 1040 cm" 1 
"' (43D 7- [2-Ethoxyimino-2- (5-amino-l,2,4- 
thiadiazol-3-yl)acetamido]-3- (tetrazolo [1 ,5-b]pyridazin 
6-yl) thiomethyl-3-cephem-4-carboxylic acid (syn 
isomer), mp 180 to 185°C (dec.) 

I.R. (Nujol) : 3350, 3240, 1780, 1680, 1620, 
1530, 1380, 1040 cm" 1 

(42) 7- [2-Ethoxyimino-2-(5-amino-l,2,4- 

t hiad iazo 1 - 5 - y 1 ) ac e tamido ] - 3 - ( 5 7 aminome thy 1 -1,5,4- 
thiadiazol-2-yl)thiomethyl-3-cephem-4-carboxylic 

acid (syn isomer), mp 198 to 205°C (dec.) 

I.R. (Nujol) : 3350, 3250, 1775, 1680, 1*620, 
1535, ; 1380, 1040 cm" 1 

(43) 7- [2-Ethoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl)acetamido]-3- [1- (2-hy droxy ethyl) -1H- 
tetrazol-5-yl]thioraethyl-3-cephem-4-carboxylic acid 

(syn isomer), mp 170 to 173°C (dec.) 

I.R. (Nujol) : 3350, 3240, 1780, 1675, 1625, 
1530, 1380, 1040, 720 cm" 1 

(44) 7- [2-Methoxyimino-2-(5-amino-l,2,4- 

t hiadiazol - 3 - y 1 ) ac etamido ] - 3 - (4 - al lyl - 4H- 1,2,4- 
triazol-3-yl)thiomethyl-3-cephem-4-carboxylic acid 

(syn isomer), mp 185 to 190°C (dec.) 

I.R. (Nujol) : 3350, 3250, 1780, 1680, 1625, 
1530 cm" 1 
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(45) 7 - [ 2 - Me tho xy imino - 2 - C 5 - amino - 1 , 2,4- 
tkiadiazol-3-yl) acetamido] -3- (3-methoxycarbonyl- 
1, 2 , 4- thiadiazol- 5-yl) thiomethyl- 3-cephem-4 - 
carboxylic acid (syn isomer), mp 180 to 18S°C (dec.) 

S I.R. (Nujol) : 3350, 3250, 1780, 1740, 1680, 

1620, 1530 cm" 1 

(46) 7-[2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl) acetamido] -3- (3-carboxy-l ,2,4- 
thiadiazol-5-yl) thiomethyl- 3-cephem-4-carboxylic 

10 acid (syn isomer), mp 175 to 180°C (dec.) 

I.R. (Nujol) : 3350, 3250, 1780, 1730, 1680, 
1620, 1530 cm" 1 



15 



20 



(47) 7-[2-Ethoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl) acetamido] -3- [l-(3-aminopropyl) - 

25 lH-tetrazol-5-yl]thiomethyl-3-cephem-4-carboxylic 
acid (syn isomer), mp 182 to 185°C (.dec), 

I.R. (Nujol) : 3350, 3200, 1770, 1670, 1620, 
1530, 1380, 1040 cm" 1 

(48) 7-[2-Ethoxyimino-2-C5-amino-l,2,4- 

30 thiadiazol- 3-yl) acetamido] -3- [1- (2-arainoethyl) -1H- 
tetrazol-S-yl]thiomethyl-3-cephem-4-carboxylic acid 
(syn isomer), mp 195 to 210° C (dec. ). 

I.R. (Nujol) : 3340, 3210, 1770, 1675, 1620, 
1530, 1380, 1040 cm" 1 

35 



* * 

(49) 4-Nitrobenzyl 7- [2-isopropoxyimino-2- (5- 
amino -1 ,2 ,4- thiadiazol- 3--yl) acetamido] - 3-cephem-4- 
carboxylate (syn isqmer), 115. 145 to 150°C (dec). 

I.R. (Nujol) : 3300, 177S, 1720, 1670, 1620, 
5 • 1600, 1520 cm" 1 

N.M.R. (d 6 -DMS0, 6) : 1.27 (6H, d, J=7Hz), 

3.53-3.77 (2H, m) , 4.17-4.67 (1H, m) , 
5.17 (1H, d, J=4Hz), 5.42 (2H, s) , 
5.93 (1H, dd, J»4 and 8Hz) , 
10 .6.67 (1H, t, J=4Hz), 7.86 (2H, d, J=8Hz) , 

8.13 (2H, s), 8.23 (2H, d, J=8Hz), 
- 9.53 (1H, d, J=8Hz) 

(50) 7- [2-Isopropoxyimino-2-(5-amino-l,2,4- " 
thiadiazol- 3-yl) acetamido] -3- [5- (N-t-butoxycarbonyl- 

15 amino] methyl -1 , 3 , 4-1;hiad£azol-2-yl ] thiomethyl -3- 
cephem-4-carboxylic acid (syn isomer) , mp. 140 to 

145°C (dec). 

I.R. (Nujol) : 3300, 1780, 1670, 1620, 1530 cm" 
N.M.R. (dg-DMSO, «) : 1.18 C 6 H, d, J=6Hz) , 
20 1.32 (9fl, s), 3.62 (2H, broad s) , 

4.17-4.73 (5H, m) , 5.17 (1H, d, J=4Hz) , 
5.84 (1H, dd, J=4 and 8Hz), 8.18 (2H, 
S), 9.63 (1H, d, J»8Hz) 

(51) 7- [2-I^sopropoxyimino-2-(5-amino-l,2,4- 
25 thiadiazol -3-yl) acetamido] -3- (1-carboxymethyl-lH- 

tetrazol-5-yl) thiomethyl- 3-cephem-4-carboxylic acid 

(syn isomer) , mp. 175 to 18Q°C (dec.) . 

I.R. (Nujol) : 3300, 3200, 1770, 1720, 1680, 
1620, 1520 cm" 1 
30 (52) 7- [2-Methoxyimino-2-(5^amino-l,2,4- 

thiadiazol-3-yl) acetamido] -3- (5-carboxymethy lthio- 
l,3,4-thiadiazol-2-yl)thiomethyl-3-cephem-4-carboxylic 

acid (syn isomer), mp. 150 to 155°C (dec). 

I.R. (Nujol) : 3350, 3250, 1780, 1720, 1680, 
35 1620, 1530 cm" 1 
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(53) 7- [2-Isopropoxyimino-2-(S-amino-l,2,4- 
thiadiazol-3-yl)acetamido]-3-(l-methyl-lH-tetrazol- 
5-yl)thiomethyl-3-cephem-4-carboxylic acid (syn 
isomer), mp. 170 to 175 °C (dec). 

5 I.R. (Nujol) : 3350, 3250, 1780, 1680, 1620, 

1530 cm" 1 

(54) . 7- [2-I(sopropoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl)acetamido]-3- [l-{2- (N-t-butoxycarbonyl- 
amino) ethyl } - 1H- te trazol - 5 -y 1 ] thi ome thy 1- 3-cephem- 4 - 

10 carboxylic acid (syn isomer), mp. 142 to 147°C (dec). 
I.R. (Nujol) : 3350, 3250, 1780, 1690, 1630, 
. 1530. cm" 1 

(55) 7-.[2-Isopropoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl)acetainido]-3-(tetrazolo[l,5-V)pyri- 

15 dazin-6-yl)thiomethyl-3-cephem-4-carbdxylic acid 
(syn isomer), , mp. 165 to 170°C (dec). 

I.R. (Nujol) : 5300, 3200, 1775, 1710, 1670, 
1625, 1525 cm" 1 

(56) 7- [2-Isopropoxyimiao-2- (5- amino- 1,2,4- 

20 th.iadiazol-3-yl) acetamido] -3- (l-allyl-lH-tetrazol-5- 
yl)thiomethyl- 3-cephem- 4-carboxylic acid (syn isomer), 
mp. . 135 to 140°C (dec.) . 

I.R. (Nujol) : 3350, 3230; 1780, 1680, 1625, 
.1530 .cm" 1 

25 (57) 7- [2-Methoxyimino-2-(5-amino-l,2,4- 

thiadiazo 1- 3-y 1) acetamido ] - 3- (5 -t rifluorome thy 1 - 1,3,4- 

thiadiazol-2-yl)thiomethyl-3-cephem-4-carboxylic 
acid (syn -isomer), mp. ISO to 155 °C (dec). >. . 
I.R. (Nujol) : 3300, 3200, 1770, 1670, 1620, 

30. 1520 cm -1 

(58). 7- [2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiaz ol- 3-yl) acetamido ] - 3- [2 -carb oxyme thyl - 3- oxo- 
2, 3-dihydro-l,2,4-triazolo[4,3-b]pyridazin-6-yl]- 
thiomethyl-3-cephem-4-carboxylic acid (syn isomer), 

35 mp. 205 to 210°C (dec). 



I.R. (Nujol) : 3300, 1765,. 1710, 1680, 1620, 
1550, 1520 cm" 1 

(59) 7- [2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol- 3-yl) acetamido] - 3- (5 -methyl amino- 1 , 3,4- 
thiadiazol-2"-yl)thiomethyl-3-cephem-4-carboxylic 

acid (syn isomer), mp. 175 to 180°C (dec). 

I.R. (Nujol) : 3450, 3370, 3250, 1775, 1710, 
1680, 1630, 1560 cm" 1 

(60) 7- [2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol- 3-yl) acetamido] - 3- (5- amino-1 , 3,4- 
thiadiazol-2-yl)thiomethyl-3-cephem-4-carboxylic 

acid (syn isomer), mp. 165 to 170°C (dec). 

I.R. (Nujol) : 3350, 3210, 1770, 1670, 1620, 
1520 cm" 1 

(61) 7- [2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl)acetamido]-3-[l-{3-(N-t-butoxycarbonyl- 
amino)propyl}-lH-tetrazol-5-yl]th.iomethyl-3-cephem- 
4-carboxylic acid (syn isomer), mp. 175 to 180°C (dec). 

I.R. (Nujol) : 3370, 3250, 1785, 1690, 1630, 
1530 cm" 1 

(62) 7- [2-Metho3cyimino-2-(5-amino-l,2,4- 
thiadiazol- 3-yl) acetamido ] - 3- [l-{3-<&cetamido)propyl} - 
1H - te t r az o 1 - 5 -y 1 ] thi ome thy 1 - 3- cephe m- 4 - carb oxy 1 ic 

acid (syn isomer), mp. 150 to 155°C (dec). 

I.R. (Nujol) : 3350, 3230, 1780, 1660, 1620, 
1530 cm' 1 

(63) 7- [2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol- 3-yl) acetamido] - 3- [l-{l-<ace tamidomethyl) - 
e thy I } - 1H - te t r az ol - 5 -y i ] thLome thy 1- 3 -c ephe m- 4 - 

carboxylic acid (syn isomer), mp. 160 to 165°C (dec). 
I.R. (Nujol) : 3350, 3250, 1780, 1660, 1620, 
1530 cm" 1 

(64) 7-[2-MBthoxyinino-2-(5-aniiio-i;2,4- 
thiadiazol-3-yl)acetamido]-3-[l-{l-(N-t-butox)'- 
carbonylaminome thyl) ethyl} -lH-tetrazol-5-yl]-. 
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thiomethyl-3-cephem-4-carboxylic acid (syn isomer), 
mp. 180 to 185 Q C (dec). 

I.R. (Nujol) : 3370, 3230, 1780, 1690, 1630, 
1530 cm" 1 

5 (65) 7- [2-Methoxyimino-2- (5 -amino- 1,2, 4- 

thi adiaz ol - 3 -yl ) ace tamido ]-3-[l-{3-(N,N- dime thyl amino) - 
propyl} -lH-tetrazol-5-yl ]thiomethyl-3-cephem- 4- 
carboxylic acid (syn isomer), mp. 165 to 170°C (dec). 
I.R. (Nujol) : 3350, 3200, 1770, 1670, 1610, 
10 1530 cm" 1 

(66) 7- [2-Methoxyimino-2-(S-amino-l,2,4- 

thiadiazol-3-yl)acetamido]-3- [1- (2-carboxyethyl) -1H- 
te tr azo 1 - 5 -y 1 ] thi ome thyl - 3 - cephem- 4 - carb oxyi ic aci d 
(syn isomer), mp. 150 to 155°C (dec). 
15 I.R. (Nujol) : 3300, 3150," 1770, 1720, 1670, 

1620, 1520 cm" 1 
N.M.R. (d 6 -DMSO, 6) : 2.93 (2H, t, J=9Hz) , 

3.70 (2H, broad s) , 3.92 (3H, s) , 
4.27 and 4.43 (2H, .ABq, J-14Ez) , 
20 4.45 (2H, t, J=9Hz), 5.17 (1H, d, J=4Hz) , 

5.83 (1H, dd, J-4 and 8Hz) , 
8.18 (2H, s), 9.67 (1H, d, J=8Hz) 
(6 7) 7- [2-Methoxyiraino-2-(5-amino-l,2,4- 

thiadiazol- 3-yl) acetamido] - 3- (1 -carb oxymethy 1-1H- 
25 tetrazol-5-yl)thiomethyl-3-cephem-4-carboxylic acid 
(syn isomer), mp. 123 to 12S°C (dec). 

I.R. (Nujol) : 3300, 3200, 1750, 1720, 1680, 
1620, 1520 cm" 1 

(68) 7- [2-rsopropoxyimlno-2--(5-amino-l,2 f 4- 
30 thiadiazol- 3-yl) acetamido] - 3- (5 - aminomethyl- 1 , 3 , 4r 

thiadiazol-2-yl) thiomethyl 1 3-cephem-4-carboxylic acid 
(syn isomer), mp. 210 to 215 °C (dec). 

I.R. (Nujol) : 3350, 3200, 1750, 1670, 1620, 
. 1530 cm" 1 

55 (69) , 7- [2-Iisopropoxyimino-2-(5-amino-l,2,4- 
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thiadiazol-3-yl)acetamido]-3- [1- (2-aminoethyl) -1H- 
tetrazol-5-yl]thiomethyl-3-cephera;4-carboxylic acid 
Csyn isomer), mp. 195 to 200°C (dec). 

I.R. (Nujol) : 3350, 3250, 1775, 1680, 1620, 



1530 cm" 1 



(70) 7- [2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol- 3-yl) acetamido ] - 3- [1- (3-aminopropyl) -1K- 
tetrazol-5-yl]thiomethyl-3-cephem-4-carbbxylic acid 
Csyn isomer), mp. 185 to 190°C (dec). 
10 I . (Nujol) : 3300, 3200, 1770, 1670, 1610, 



1530 cm" 1 



(71) 7- [2-Methoxyindno-2-(S-amino-l,2,4- 
thiadiazol- 3-yl) acetamido] -3- [1-{1- (aminomethy^ethyll- 
lH- te tr azol -5 -y 1 ] thiomethyl - 3-cephem- 4- carb oxy lie 

15 acid (syn isomer) , mp. 190 to 195°C (dec). 

• I.R. (Nujol) : 3350, 3230, 1770, 1670, 1620, 

1530 cm" 1 

(72) 7- [2-Isoprop6xyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl)acetamido]-3-cephem-4-carboxylic acid 

20 (syn isomer), inp. 208 to 21 3°C (dec). 

I.R. (Nujol) : 3400, 3350, 3250, 1770, 1660, 
16 30, 1610, 1520 cm" 1 

(73) 7-[2-Ethoxyimino-2-(5-amino-l,Z,4- 
thiadiazol -3-yl) ace tamido ] - 3-cephem- 4-carboxylic 

25 acid (syn isomer) , mp. 190 to 195°C (dec). 

I.R. (Nujol) : 3400, 3300, 3200, 1770; 1670, 
1630, 1520 cm" 1 



35 



Example 12 

To a cold solution of phosphorus pentachloride 
(3.12 g) 'in methylene chloride (37 ml) was added 
2-methoxyimino-2-(5-amino-l,2,4-thiadiazol-3-yl)- 

acetic acid (syn isomer) (1.01 g) at -1S°C and the 
mixture was stirred for 25 minutes at '-10 to -13°C 
and for 30 minutes at 0 to -3°C. On the other hand, 
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a mixture of 7-amino-3- (1, 3, 4-thiadiazol-2-yl) - 
Xhiomethyl-3-cephem-4-carboxylic acid (1-82 g) and 
trimethylsilylacetamide (5 g) in methylene chloride 
(25 ml) was warmed to make a clear solution and then 
5 cooled to -10°C- The solution was added to the above 
activated mixture and the mixture was stirred for 
0,5 hour at -5 to 0°C. The reaction mixture was 
filtered and to the filtrate was added an aqueous 
solution of sodium bicarbonate (80 ml) . The mixture 
10 was stirred at ambient temperature and methylene 

chloride was distilled off* The aqueous layer was 
adjusted to pH 1 with 10% hydrochloric acid and 
subjected to column chromatography on Diaion HP-20 
resin. (200 ml) (Trademark: prepared by Mitsubishi 
15 Chemical Industries Ltd.) using successively, water f 

20% aqueous methanol (500 ml) and 40% aqueous methanol 
(500 ml) and the eluate was lyophilized to give 
7- [2~methoxyimino-2- (5-phosphonoamino-l, 2,4- 
thiadiazol- 3-yl) ace tamido ] - 3- (1 , 3 , 4 - thiadi azol-2 - 
20 yl)thiomethyl-3-cephem-4-carbqxylic acid (syn isomer) 
(440 mg), mp. 140 to 14S°C (dec). / 

. I.R. (Nujol) : 3180, 1765, 1670, 1515 cm" 1 
N.M.R. (d 6 -DMS0, 6) : 3.72 (2H, broad s), 

3.93 (3H, s), 4.32 and 4.57 (2H, ABq, 
25 J-13Hz), 5.17 (1H, d, J-SHz), 

5.85 (1H, dd, J=5 and 8Hz), 9.58 (1H, s) , 
. - 9.6 3 C1H, d, J=8Ez) 

Example 13 

30 Preparation of 7- [2-methoxyimino-2- (5-amino- 

1, 2,4-thiadiazol-3-yl) acetamido]-3-cephem-4-carboxylic 
acid (syn isomer). 

In a mixture of tetrahydrofuran (20 ml), methanol 
(10 ml), acetic acid (0.25 ml) and water (2.5 ml) 

35 was dissolved 4-nitrobensyl 7- [2-methoxyimino-2- (5^ 
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amino-1 ,2 , 4- thiadiazol- 3-yl) acetamido] - 3-cephem-4- 
carboxylate (syn isomer) (0.87 g) and thereto was added 
5% palladium-carbon (0.87 g). The resulting mixture 
was shaken under a hydrogen atmosphere at atmospheric 
5 pressure and ambient temperature for 6 hours. The 
reaction mixture was filtered and the filtrate was 
evaporated to dryness. The residue was dissolved in 
an aqueous solution of sodium bicarbonate and the 
solution was washed with ethyl acetate. The aqueous 
10 layer was adjusted to pH 2 with. 10% hydrochloric acid 
and extracted with ethyl acetate.. The extract was 
dried over magnesium sulfate and evaporated to dryness. 
The residue was triturated with diethyl ether to give 
the title compound (350 mg) , mp. 190 to 19S°C (dec). 
15 I.R. (Nujol) : 3350, 1775, 1680, 1630, 1530 cm" 1 

N.M.R. (dg-DMSO, 6) : 3;60 (2H, broad s), 3.93 (3H, 
s), 5.10 (1H, d, J«4Hz), 5.85 (1H; 2d, 
J=4,8Hz), 6. SO (1H, t, J=4Hz), 
8.10 (2H, s), 9.57 (1H, d; J=8Hz) 

20 

Example 14 

A mixture of 4-nitrobenzyl 7- [2-ethoxyimino-2- 
( 5 - amino -1,2,4- thiadi az pi - 3-y 1 ) acet amido ] - 3-cephe m- 
4-carboxylate (syn isomer) (5. 0 g) and 10% palladium 

25 on carbon (2.5 g) in 70% aqueous tetrahydrofuran 

(75 ml) was stirred under hydrogen atmosphere for 3 
hours at ambient temperature. The catalyst was removed 
by filtration and the filtrate was concentrated to 
third volume. The residue was extracted with ethyl 

30 acetate and transferred into an aqueous solution of 
sodium bicarbonate. The aqueous layer, was acidified 
to pH 3 with 10% hydrochloric acid and extracted with 
ethyl acetate. The extract was dried over magnesium 
sulfate and concentrated to 10 ml under reduced,pre- 

55 ssure. The resultant precipitates were collected, 
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washed with ethyl acetate and dried to give 7- [2- 
ethoxyimino-2- (5-amin.o-l,2,4-;thiadiazol-3-yl) - 
acetamido]- 3-cephem-4-carboxylic acid (syn isomer) 
(1.33 g), mp. 190 to 195 °C (dec). 
5 I.R. (Nujol) : 3400, 3300, 3200, 1770, 1670, 

• 1630, 1520 cm" 1 
.. N.M.R.(d 6 -DMS0, 6) : 1.23 (3H, t, J=7Hz), 

3.58 (2H, broad s) , 4.17 (2H, q, J=7Hz), 
• . 5.07 (1H, d, J=4Hz), 5.83 (1H, dd, 

10 J»4 and 8Hz), 6.45 (1H, t, J=4Hz) , 

8.05 (2H, s), 9.50 (1H, d, J=8Hz) 

Example 15 

The following compounds were obtained according 
15 to similar manners to those of Examples 13 and 14. 

(1) 7-[2-Methoxyimino-2-(5-formamido-l,2,4- . 
thiadiazol-3-yl) acetamido] -3- (1-methyl-lH- tetrazol- 
S-ylthiomethyl) -3-ceph.em-4-carboxylic acid (syn 
isomer), mp. ( 170 to 175°C (dec). 

20 I.R, (Nujol) : 3300, 1780, , 1680 cm" 1 

(2) . 7- [2 : Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl) acetamido] -3- (1-methyl-lH-tetrazol- 
5-ylthiomethyl)-3-cephem-4-carboxylic acid (syn 
isomer), mp. 170 to 175 °C (dec). 

25 I.R. .(Nujol) : 3300, 1770, 1660, 1610, 1520 cm" 1 

(3) 7- [2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl) acetamido]cephalosporanic acid (syn 
isomer), mp. 180 to 185 °C (dec). 

I .R. -.(Nuj ol) : 3350, 1780, 1730, 1680, 1620, 
30 15 30 cm" 1 

.(•4> 7-. [2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol-.3-yl) acetamido]-3-carbamoyioxymethyl-3- 
cephem-4-carboxylic acid (syn isomer), mp. 185 to 
190°C (dec)- 

35 I.R. (Nujol) : 3350, 1780, 1720, 1680, 1620, 1530 cm 
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(5) 7- [2-Methoxyimino-2- (5-amino-l,2,4- 
thiadiazol-3-yl) acetamido ] -2-methyl- 3-cephem- 4- 
carboxylic acid (syn isomer), mp. 175 to 180 °C (dec). 

I.R. (Nujol) : 3350, 1775, 1675, 1630, 1530 cm" 1 
5 (6) 7- [2-Methoxyimino-2«(5-ainino-l,2,4- 
thiadiazol-3-yl)acetamido]-3-(5-methyl-l,3,4- 
thiadiazol-2-ylthiomethyl) - 3-cephem- 4-carboxy lie acid 
(syn isomer) , mp. 175 to 180°C (dec.) . 

I.R. (Nujol) : 3350, 1780, 1680, 1625, 1530 cm" 1 
10 (7) 7-[2-Methoxyimino-2-(5-amino-l,2,4-thiadia2ol- 
3-yl) acetamido] -3- (1 , 3, 4- thiadiazol-2-ylthiomethyl) - 
3-cephem-4-carboxylic acid (syn isomer), mp. 172 to 
177°C (dec). 

... I.R. (Nujol) : 3350, 1775, 1680, 1625, 1530 cm" 1 
15 (8) 7- [2-Meth.oxyimino-2-(5-amino-l,2,4- 

thiadiazol-3-yl) acetamido] - 3-(l-allyl-lH-tetrazol-5- 
ylthiomethyl) -3-cephem- 4-carboxy lie acid (syn isomer), 
mp. 170 to 172°C (dec). 

I.R. (Nujol) : 3350, 1780, 1680, 1625, 1530 cm" 1 
20 (9) 7- [2 t Esopropoxyimino-2- (5-amino-l,2,4- 
thiadiazol-3-yl) acetamido ]-3-cephem-4-carboxy lie 
acid (syn isomer), mp. 208 to 213°C (dec). 

I.R. (Nujol) : 3400, 3350, 3250, 1770, 1660, 
1630, 1610, 1520 cm' 1 
25 N.M.R. (d 6 -EMS0, 6) : 1.27 (6H, d, J»6Hz). 

3.57 (2H, d, J»4Hz), 4.17-4.60 (1H, m) , 
5.07 (1H, d, JMHz), 5.83 (1H, dd, 
J»4 and 8Hz), 6.43 (1H, t, J-4Hz), 
8.07 (2H, s), 9.45 (1H, d, J»8Hz) 
30 (10) 7-[2-Isopropoxyimino-2-(5-amino-l,2,4- 

thiadiazol-3-yl) acetamido ]-3-[S-(N-t-butoxycarbonyl- 
amino) methyl- 1 , 3 , 4- thiadi az ol- 2 -yl ] thi omethyl - 3- 
cephem-4-carboxylic acid (syn isomer), mp. 14Q to 

145°C (dec). _ x 
35 I.R. (Nujol) : 330O, 1780, 1670, 1620, 153b cm" 
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CH) 7- [2-Isopropoxyimino-2- (5-amino-l,2,4- 
thiadiazol-3-yl) acetamido]-3- (1-carboxymethyl-lH- 
tetrazol-5-yl)thiomethyl-3-cephem-4-carboxylic acid 
(syn isomer), mp. 175 to 18'0°C (dec). 
5 I.R. (Nujol) : 3300, 3200, 1770, 1720, 1680, 

•'1620, 1520 cm" 1 

(12) 7- [2-Methoxyimino-2-(5-amino-l,2,4- 
thi'adiazol - 3 -y 1) ace tamido ] - 3- (5 -carb oxymethylthi o- 

l,3,4-thiadiazol-2-yl)thiomethyl-3-cephem-4-carboxylic 
10 acid (syn isomer), 115). 150 to 155 °C (dec). 

I.R. (Nujol) : 3350, 3250, 1780, 1720, 1680, 
1620, 1530 cm" 1 

(13) 7- [2-Isopropoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl) acetamido]-3- (1-methyl-lH-tetrazol- 

15 5-yl) thiomethyl-3-cephem-4-carboxylic acid (syn 
isomer), mp. 170 to 175 °C (dec). 

I.R. (Nujol) : 3350, 3250, 1780, 1680, 1620, 
1530 cm" 1 

(14) 7- [2-Isopropoxyimino-2- (5-amino-l,2,4- 
20 thiadiazol-3-yl)acetamido]-3~ [l-{2- (N-t-butoxy- 

carbonylamino)ethyl}-lH-tetrazol-5-yl)tIiiomethyl-3- 
cephem-4-carboxylic acid (syn isomer) , mp. 142 to 
147°C (dec). ^ 

I.R. (Nujol) : 3350, 3250, 1780, 1690, 1630, 
25 1530 cnf 1 

(15) 7- [2-Isopropoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl) acetamido]-3- (tetrazolo [l,5-b]pyri- 
da z in - 6 -y 1 ) thi ome thy 1 - 3 - c e phe m- 4 -c arb oxy 1 ic acid 
(syn isomer), mp. 165 to 170°C (dec). 

30 I.R. (Nujol) : 3300, 3200, 1775, 1710, 1670, 1 

1625, 1525 cm" 1 

(16) 7- [2-Isopropoxyimino-2- (5 -amino- 1,2, 4- 
thiadiazol-3-yl)acetamido]-3-(l-allyl-lH-tetrazol-5- 
yl) thiomethyl-3-ceph.em-4-carboxylic acid (syn isomer), 

35 mp, 135 to 140°C (dec). 
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I.R. (Nujol) : 3350, 3230, 1780, 1680, 1625, 
1S30 cm" 1 

(17] 7-[2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol- 3-yl) acetamido ] -3- (5 -trif luoromethyl- 
5 1 , 3 , 4 - thi adi az ol - 2 -y 1 ) thi ome thy 1-3 -cephem- 4- 

carboxylic acid (syn isomer), mp. ISO to 155°C (dec). 
I.R. (Nujol) : 3300, 3200, 1770, 1670, 1620, 
1520 cm" 1 

(18) 7-[2-Methoxyimino-2-(5-amino-l,2,4- 

10 thiadiazol- 3-yl) acetamido] -3- [2-carboxymethyl-3- 

oxo-2,3-dihydro-l,2,4-triazolo[4,3-b]pyridazin-6-yl]- 
thiomethyl-3-cephem-4-carboxylic acid (syn isomer), 
mp. 205 to 210°C (dec). 

I.R. (Nujol) : 3300, 1765, 1710, 1680, 1620, 

15 1550, 1520 cm" 1 

(19) 7-[2-Meth6xyindno-2-(5-amino-l,2,4- 
thiadiazol-3-yl) acetamido] -3- (5-methylamino-l , 3, 4- 
thiadiazol-2-yl)thiomethyl-3-cepb.em-4-carboxylic acid 
(syn isomer), mp. 175 to 180°C (dec). 

20 I.R. (Nujol) : 3450, 3370, 3250, 1775, 1710, 

1680, 1630, 1560 cm" 1 

(20) 7-[2-Methoxyimino-2-(5-amino-l,2,4-thiadiazol- 
3 -y 1 ) ace t amido ] - 3- ( 5 - amin o - 1 , 3 , 4- thi adi az o 1 - 2 -y 1 ) - 
thiomethyl-3-cephem-4-carboxylic acid (syn isomer), 

25 mp. 165 to 170°C (dec)' 

I.R. (Nujol) : 3350, 3210, 1770, 1670, 1620, 
1520 cm" 1 

(21) 7-[2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl)acetamidol-3- [l-{3- (N-t-butoxycarbonyl- 
30 amino)propy 1) -1H- tetr azol- 5 -y 1 ] thiomethyl- 3-cephem- 

4-carboxylic acid (syn isomer), mp. 175 to 180°C 
(dec) . 

I.R. (Nujol) : 3370, 3250, 1785, 1690, 1630, 
1530 cm" 1 

35 (22) 7- [2-Methoxyimino-2- (5-amino-l,2,4- 
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thiadiazol-3-yl) acetamido]-3- 3- ( ace tamido) propyl) - 
IH- tetrazol-5-yl] thiome thyl- 3rcephem-4-c arb oxylic 
acid Csyn isomer), mp. 150 to 15S°C (dec.). 

I.R. (Nujol) : 3350, 3230, 1780, 1660, 1620, 
5 1530 cm" 1 

C23) 7- [2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl)acetamido]-3- [1-{1- (acetamidomethyl) - 
ethyl }-lH-tetrazol- 5 -yl] thiome thyl- 3-cephem- 4- 
carboxylic acid (syn isomer), mp. 160 to 165°C (dec). 
10 I.R. (Nujol) : 3350, 3250, 1780, 1660, 1620, 

1530 cm" 1 

(24) 7- [2-Methoxyimino-2- (5-amino-l ,2 ,4- 
thiadiazol-3-yl) acetamido] -3- [1-{1- (N-t-butoxy- 

carb ony .1 aminome thyl ) e thy 1 } - 1H- te t r az ol- 5 -y 1 ] thiome thy 1- 
15 3-cephem-4-carboxylic acid (syn isomer), mp. 180 to 
185°C (dec). 

I.R. (Nujol) : 3370, 3230, 1780, 1690, 1630, 
15 30 cm" 1 

(25) 7- [2-Methoxyimino-2- (5-amino-l, 2,4- 

20 thiadiazol-3-yl)acetamido]-3-[l-{3-(N,N-dimethylamino)- 
pr opyl} - 1H- tetr azol - 5 -y 1 ] thiome thy 1- 3-cephem- 4- 
carboxylic acid (syn isomer), mp. 165 to 170°C (dec). 
I.R. (Nujol) : 3350, 3200, 1770, 1670, 1610, 
15 30 cm" 1 j 
i!S (26) 7-[2-Methoxyindno-2-(5-amino-l,2,4- 

thiadiazol- 3-yl) acetamido) - 3- [1- (2-carb oxyethyl) - 1H- 
te tr azol- 5~yl ] thiomethy 1 - 3-cephem- 4-c arb oxylic aci d 
(syn isomer), mp. 150 to 1S5°C (dec). 

I.R. (Nujol) : 3300, 3150, 1770, 1720, 1670, 
30 1620, 1520 cm" 1 

(27) 7- [2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl) acetamido]- 3- (1-carboxyme thyl-lH- 
tetr az ol - 5 -y 1) thi ome thyl - 3- cephe m- 4- c arb oxylic aci d 
(syn isomer), mp. 123 to 12S°C (dec). 
35 I.R. (Nujol) :3300, 3200, 1750, 1720, 1680, 1620, ^ 

1520 cm" 1 
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(28] 7- [2-Isopropo:tyimino-2-(5-amino-l,2,4- 
thiadiazol- 3-yl) acetamido] -3- (5-aminomethyl-l ,3,4- 
thiadi az ol - 2 -y 1) thi ome thyl -3-cephem- 4-carb oxylic 
acid (syn isomer), mp. 210 to 215°C (dec). 
5 I.R. (Nujol) : 3350, 3200, 17S0, 1670, 

1620, 1530 cm" 1 

(29) 7- [2-Isopropoxyimino-2-(5-amino-l,2,4- 
thiadiazol- 3-yl) acetamido] -3- [l-(2-aminoethyl)-lH- 
te tr az ol-5 -y 1 ] thiome thyl- 3rcephem- 4-carb oxylic acid 

10 (syn isomer), mp. 195 to 200 °C (dec). 

I.R. (Nujol) : 3350, 3250, 1775, 1680, 1620, 
1530 cm" 1 

(30) 7- [2-Met&oxyimino-2-(5-amino-l,2,4- 
thiadiazol- 3-yl) acetamido] -3- [1- (3-aminopropyl) -1H- 

15 tetrazol-5-yl]thiomethyl-3-cephem-4-carboxylic acid 
(syn isomer), mp. 185 to 190°C (dec). 

I.R. (Nujol) : 3300, 3200, 1770, 1670,. 1610, 
1530 cm" 1 

(31) 7- [2-Methoxyimino-2-(5-aminoTl,2,4- 

20 thiadiazol-3-yl) acetamido] -3- [l-{l-(aminomethyl)ethyl}- 
1H- tet razol- 5 -y 1 ] thi ome thyl- 3-cephem- 4-caTb oxylic 
acid (syn isomer), mp." 190 to 195 °C (dec). 
I;R. (Nujol) : 3350, 3230,' 1770, 1670, 
1620, 1530 cm" 1 
25 (32) 7- [2-Methoxyimino-2- (5-phbsphonoaminb- 

1,2, 4- thiadiazol- 3-yl) acetamido] - 3- (i , 3 , 4-thiadiazol- 
2 -yl) thiomethyl- 3-cephem- 4-carboxylic acid (syn isomer) a 
mp. 140 to 145 °G (dec). 

I.R. (Nujol) : 3180, 1765, 1670, 1515 cm" 1 
30 (53) 7-[2-Ethoxyimino-2-(S-amino-l,2,4- 
thiadiazol-3-yl)acetamido]-3-(l,3,4-thiadiasol-2-yl)- 
thiomethyl-3-cephem-4-carboxylic acid (syn isomer} 
=p 150 to 155*0(460.). • 

I. R. (Nujol) : 3350, 3230, 1775, 1680, 1520, 
35 1530 cm* 1 



RNSnmin: <FP Q00747nA2 I > 



- 85 - 



(34) 7-[ 2-Isopropoz7inino-2-( 5-anino-l, 2 , 4- 

i:hiadia2ol-3-7l)acetaaido]-5-(l,3,4--t;Madiasol-2- 
yl)thioaethyl-5-cephen-4-carbozylic acid (sya, 
isomer), mp 145 "to 150°0(dee.). 
5 I.R. (Nujol) : 3370, 3230, 1780, 1680, 1625, 

.1530 cm* 1 

. (35)7-[2-Isopropoxyimino-2-CS-amxao-l,2,4-thiadia S ol- 
3-yl)acetamido]cephalosporanic acid (syn isomer) 
mp 150 to lSS°C.(dec.) V 
20 I. R. (Nujol) : 3300, 1780, 1725, 1660, 1520 cm" 1 

(36) 7 -I 2 -Propoxyiaino-2-(5-amiiio-l,2,4- 
thiadiazol-3-yl)kcetamido]-3-(l,3,4-thiadiazol-2- 
yl)thiomethyl-3-cephem-4-carboxylic acid (syn 
isomer), mp 130 to 133°C (dec.) 

15 ! « R - (Nujol) : 3380, 3230, ;780, 1680, 

1625,. 1530 cm" 1 
(37) ^-[2-Methoxyimino-2-(5-amino-l,2,4- 
thiadia2ol-3 : yl)acetamido].3-[5.(N-t-but 0 iycarboixyl- 
amxno)methyl-l,3,4-thiadia 2 ol-2-yl]tliiomethyl-3- 
20 .cephem-4-carboxylic acid (syn isomer), mp 150 to 
ISS'C (dec.) • 

I...R. (Nujol) : 3350, 3250, 1780, 1670 cm" 1 
(38) ?-[2-Methoxyimino-2-(S-amino-l,2,4- 
thiadiasol -3-yl) ace tamido] - 3- (5 -allyl thio-1 , 3 , 4 - 
25 " thiadiazol-2-yl)thiomethyl-3.cephem-4-carboxylic 
acid (syn isomer) . mp 160 to 165 °C. (dec.) 

I. R. (Nujol) : 3350, 3250, 1780,. 1680, 
' 1620 cm" 1 
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(39) 7- [2-Methoxyimino-2-(5-amino-il,2,4- 
thiadiazol-3-yl)acetamido] -3-acetylth.iometh.yl-3- 
cephem-4-carboxylic acid (syn isomer] . mp 178 to 
182°C (dec.)- 

5 I. R. (Nujol) : 3350, 3250, 1780, 1680, 1620 cm 



i 



10 

(40 ) 7 - [2 -Me th oxyimino - 2 - ( 5 - amin o- 1,2,4- 
th.iadiazol-3-yl)acetamido] -3-pyrazinylthiomethyl-3- 
cephem-4-carboxylic acid (syn isomer) . mp 170 to 
174 6 C (dec.) 

15 I. R. (Nujol) : 3350, 3250, 1780, 1680, 1620, 

1530 cm"^ 

(41) 7 - [2 -Methoxyimino- 2- (5 -amino- 1*2,4- 
thiadiazol-3-yl)acetamido] -3-(2-thia&63dn-2-yl)- 
thiomethyl-3-cephem-4-carboxylic acid (syn isomer) . 

20 mp 175 to 180 °C (dec.) 
f] I. R. (Nujol) : 3350, 3250; 1780 ,-1680 y 1620 

% * . . 1530 cm" 1 •- 

(42) 7-[2-Methoxymino-2-(5-amino-l,2,4-thia- 
diazol-3-yl)acetaraido]-3-(tetrazolo[l,5-b]pyridazin- 

25 6-yl)thiomethyl-3-cephem-4-carboxylic acid (syn 
isomer), mp 175 to 180°C (dec.) 

r I. R. (Nujol) : 3400, 3250, 1885, 1725, 1670, 

■ 1640, 1540 cm" 1 

(43) 7-[2-Methoxyimino-2-(5-amino-l,2,4- 
30 thiadiazol-3-yl)acetamido]-3-[l-{2-(N-t-butoxy- 

carbonylamino)ethyl3-lH-tetrazol-5-yl] thiomethyl-3- . 
cephem-4-carboxylic acid (syn isomer) . mp 200 to 
205°C (dec.) 

I. R. (Nujol) : 3300, 1780, 1700, 1680, 1620, 
35 1S20 cm" 1 
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(44 ) • 7 - [ 2 -Me thoxy imino - 2 - CS - amino -1,2,4- 
thiadiazol-3-yl)acetamido]-3- (1-propyl-lH-tetrazol- 
5-yl)thiomethyl-3-cephem-4-carboxylic acid (syn 
isomer), mp 155 to 160°C (dec.) 
5 I. R. (Nujol-) : 3350, 32S0, 1780, 1680, 

1630* 1530 cm" 1 
(45 ) 7-[2-Methoxyimino-2- (S-amino-1,2 ,4- 
thiadiazol-3-yl)acetamido)-3- [1- (3-methoxypropyl) - 
1H- tetrazol -5 -yl] thiomethyl - 3-cephem- 4 -carboxylic 
10 acid (syn isomer), mp 165 to i67°C (dec.) 

I. R. (Nujol).: 3350, 3250, 1780, 1680, 

1620, 1530 cm" 1 
(46 ) 7- [2-Methoxyimino-2- (5-amino-l,2 ,4- 
thiadiazol-3-yl)acetamido]-3-(3-methyl-l,2,4- 
15 thiadiazol - 5 -y 1) thiomethyl - 3 - cephem- 4 -carb oxy lie 
acid (syn isomer), mp 178 to 182°C (dec.) 

I. R. (Nujol) : 3350, 3250, 1780, 1680, 

..... ' 1630* 1530 cm" 1 
0-7 V 7-[2-Methoxyimino-2-(5-amino-l,2,4- 
20 thiadiazol - 3 -yl) acet ami do] - 3- (S -methoxyme thyl-1 ,3,4- 
thiadiazol - 2 -y 1) thiomethyl - 3 -cephem- 4 -carboxylic 
acid (syn isomer). ; mp 170 to 174°C (dec). 

I. R. (Nujol) : 3350, 3250, 1780, 1680, 

1630iji 1530 cm" 1 
25 $8 ) 7- [2-Methoxyimino-2-(5-amino-l,2,4- 

thiadiazol-3-yl) acetamido] - 3- (5 -methyl thiomethyl - 
l,3,4-thiadia2ol-2-yl)thiomethyl-3-cephem-4- 
carboxylic acid (syn isomer) ..mp 173 to 175°C l&ec.) 
I.R. (Nujol) : 3350, 3250, 1780, 1680, 
30 1630, 1530 cm" 1 

(S-9 ) 7-[2-Methoxyimino-2-(5-anano-l,2,4- 
th.iadia.zol - 3 -yl) ace tamido] - 3 - (4 -propyl - 4H-1 , 2 , 4 - 
triazol-5-yl) thiomethyl -3-cephem- 4 -carboxylic acid 
(syn isomer), mp 182 to 184°C (dec.) 
35 I. R. (Nujol) : 3350, 3250, 1780, 1680, 1620, 

1530 cm-1 
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(50) 7- [2-Methoxyimino-2- (5 -amino -1,2,4 - 
thiadiasol - 3-yl) ace tamido ] - 3 - CI -me thyltfiiome thyl - 
lH-tetrazol-5-yl) thiomethyl- 3-cephem-4-carboxylic . 
acid (syn isomer) . mp 175 to 178*C Cdec.) 

I. R. (Nujol) : 3350, 3250, 1780, 1680, 1620, 
1530 cm" 1 

(51) 7-[2-Methoxyimino-2-(5-amino-l,2,4- 
thiadia2ol-3-yl)acetamido]-3-(l-isoprbpyl-lH- 
tetrazol -5 -yl) thiomethyl- 3-cephem- 4-carboxylic acid 
(syn isomer), mp 180 to 182 °C (dec.) 

I. R. (Nujol) : 3350; 3250, 1780, 1680, 
1630, 1530 cm" 1 

(52) 7- [2-Methoxyimino-2-(5-amino-l,2,4- 
thiadia2ol-3-7l)acetamido] -3- [l-T2-hydroxyethyl) -1H- 
tetrasol-S-yl] thiomethyl- 3-cephem-4-carboxylic acid 

(syn isomer), mp 170 to 175 °C (dec.) 

I. R. (Nujol) : 3350 » 32S0 » 1780, 1680, 
1625, 1530 cm" 1 

(53) 7-[2-Methoxyimino-2-(5-amino-l,2,4- 
thiadia2oi-3-yl)acetamido]-3- [5- (2 -hydroxy ethyl) 
l,3,4-thiadiazol-2-yl]thiomethyl-3-cephem-4- 
carboxylic acid (syn isomer) .' mp 175 to' 180 °C (dec.) 

I. R. (Nujol) : 3350, 3250, 1780, 1680, 1630, 
1530 cm" 1 

(54 ) 7 - [ 2 -Me thoxy imiri o - 2 - ( 5 - amino - 1 , 2 , 4 - 
thxadiazol - 3 -y 1) ace tamido] - 3 - (5 -propyi-1 , 3 , 4 - 
thiadiazol - 2 -yl) thiomethyl- 3 - cephem- 4-carboxylic 
acid (syn isomer), mp 177 to 180 °C (dec.) 

I. R. (Nujol) : 3350, 3250, 1780, 1680, 
1630, 1530 cm" 1 

(55) 7-[2-Methoxyimino-2-(S-amino-l,2,4- 
thiadiazol - 3-yl) ace tamido] - 3 - (5 -hydroxymethyl- 1 ,3,4- 
thiadiaso 1 - 2 -y 1) thi ome thyl - 3 -cephem- 4 -caTboxy \ic 
acid (syn isomer), mp 165 to 170°C (dec.) 

I. R . (Nujol) : 3350, 3250, 1780, 1680, .1620, 
1530 cm"l 
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(56) 7 - [ 2 -Me thoxyimino - 2 - C5 - amino- 1,2,4- 
thiadia2ol-3-yl)acetamido] -3- CS-methanesulfonamido- 
me thy 1 -1,3, 4 -thiadiazol -2 -y 1) thiomethyl- 3-cephem- 
4-carboxylic acid Csyn isomer), mp 170 to'17S 8 C 

5 (dec.) 

I. R. (Nujol) : 3350, 3250, 1780, 1680, 
1620, 1S30 cm" 1 

(57) 7-[2-Methoxyimino-2-(5-amino-l,2 t 4- 
thiadiazol-3-yl)acetamido]-3-(3-allylthio-l,2,4- 

10 thiadiazol-5-yl)thiomethyl-3-cephem-4-carboxylic 
acid (syn isomer), mp 170 to 173°C (dec.) 

I. R. (Nujol) : 3350, 3250, 1780, 1680, 

1620, 1530 cm" 1 
(58 ) 7 - [ 2 -Me thoxyimino - 2 - (5 - amino -1,2,4- 
15 thiadiazol-3-yl)acetamido] -3-(5-mesylmethyl-l,3,4- 
thiadiazol-2-yl)thiomethyl-3-cephem-4-carboxylic 
acid (syn isomer), mp 175 to 180°C (dec.) 

I. R. (Nujol) : 3350, 32S0, 1780,-1680, 
: 1620, 1530 cm" 1 
20 (59) Sodium 7-[2fTnethoxyimino-2-(5-amino- 

1,2, 4 - thiadiazol- 3 -yl) acetamido] -3- (l-sul£onatomethyl- 
lH-tetrazol-5-yl) thiomethyl- 3-cephem-4-carboxylic 
acid (syn isomer), mp 205 to 210°C (dec.) 

I. R. (Nujol) : 3350, 3250, 1780, 1680, 
25 1530 cm" 1 

(60 ) 7 - [2 -Methoxyimino - 2 - (5 - amino -1,2,4- 
thiadiazol - 3-y 1) ace tamido] - 3- (4 -methyl-4Hr 1 , 2 , 4 - 
tr iazo 1 - 3 -y 1) thiomethyl- 3 -cephem-4 -carb oxylic acid 
(syn isomer), mp 180 to 185°C (dec.) 
30" I. R. (Nujol) : 3350, 3250", 1780, 1680, 

1620, 1S30 cm" 1 
151) 7- [2 -Methoxyimino- 2 -(5 -amino -1,2, 4- 
thiadiazol-3-yl) acetamido] -3- [l-{2- (N,N- dimethyl amino) - 
e thy lHH-tetrazol- 5 -yl] thiomethyl- 3-cephem- 4- 
35 carboxylic acid (syn isomer), mp 185 to 190°C (dec.^) 



o 



0007 



I. R. (Nujol) : 3350, 32S0, 1780, 1680, 

i620, 1530 cm* 1 
(62) 7- [2-Methoxyimino-2- (5-amino-l, 2, 4- 
th.iadiasol-.3-yl) acetamido ] - 5- [4- (3-methoxypropyl) - 
S 4H- 1,2,4- triazol- 3 - y 1 ] thiome thy 1- 3 - cephem- 4 - 

carboxylic acid (syn isomer), mp 175 to 180°C (dec.) 
I. R. (Nujol) : 3350, 32S0, 1780, 1680, 

1620, 1530 cm" 1 
(65) 7- [2-Methoxyimino-2- (5-amino-l ,2 ,4- 
10 thiadiazol-3-yl)acetamido)-3-[5-(2-aminoethyl)-l,3,4- 
thiadiazol-2-yl]thiomethyl-3-cephem-4-carboxylic 
acid (syn isomer), mp 205 to Z10°C (dec.) 

I. R. (Nujol) : 3200, 1770, 1670, 1620, 
1530 cm" 1 

15 (64) 7- [2-Methoxyimino-2- (5-amino-l, 2,4- 

thiadiasol- 3-yl) acetamido ] - 3- (5 - aminome thyl-1 , 3,4- 
thiadiazol-2-yl) thiome thyl-3-cephem-4-carboxylic 

acid (syn isomer) . mp 210 to 2iS°C (dec.) 

I. R. (Nujol) : 5350, 3200, 1770, 1680, 1620 cm" 
20 (65) 7- [2-Methoxyimino-2- (5-amino-l, 2,4- 

thiadiazol-3-yl) acetamido] -3- [1- (2 -amino ethyl) -IH- 
tetrasol-5-yl]thiomethyl-3-cephem-4-carboxylic acid 

(syn isomer), mp 200 to 205°C (dec.) 

I. R. (Nujol) : 3350, 3200, 1775, 1670, 
25 1620, 1530 cm" 1 
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(66) 7- [2-Ethoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl)acetamido]cephalosporanic acid 
(syn isomer), mp 140 to 156°C (dec.) 

I. R. (Nujol) : 3370, 3250, 1780, 1730, 1680, 
35 1620, 1530, 1380, 1240, 1040 cm" 
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(67] 7- [2-Ethoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl)acetamido]-3- [l-{3- (N-t-butoxy- 
carbonylamino)propyl}-lH-tetrazol-5-yl]thiomethyl- 
20 3-cephem-4-carboxylic acid (syn isomer), mp 183 
to 188°C (dec.) 

I.R. (Nujol) : 3370, 3240, 1780, 1690, 1630, 

1530, 1380, 1260, 1170, 1040 cm" 
(pS ) 7- [2-Ethoxyimino-2- (5-anino-l,2,4- 
25 thiadiatol-3-yl)acetamido]-3-[l-{2-(N-t-butoxy- 

carbonylamino) ethyl} -lH-tetrazol-5 -yl]thiomethyl- 
3-cephem-4-carboxylic acid (syn isomer) . 

I.R, (Nujol) : 3360, 3240, 1780, 1690, 1630, 

1530, 1375, 1250, 1170, 1040 cm' 
30 £9) 7- [2-Eth.oxyimino-.2- (5-amino-l,2,4- '• 

thiadiasol-3-yl)acetamido]-3- (1 -methyl- lH-tetrasol- 
S-yl) thionieth.yl-3-cephen-4-carboxylic acid (syn 
isomer), mp 156 to 159°C (dec.) 

I.R. CNujol) : 3360, 3250, 1780, 1680, 
35 1625, 1380, 1080, 1040 czi' 1 
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CTO) 7- [2-Ethoxyimino-2- (5-aminotl,2,4- 
thiadiazol - 3-yl) acetamido ] - 3 - [i - { 2- (N , N- dime thyl amino ) - 
ethyl}-lH-tetrazol-5-yl]thiomethyl-3-cephem-4- 
carboxylic acid (syn isomer), mp 177 to 180°C (dec.) 
5 I.R. (Nujol) : 3380, 3250, 1775, 1670, 1620, 

1535, 1380, 1040 cm" 1 

(71) 7-[2-Ethoxyimino-2-(5-amino-l,2,4- 
thiadiazol- 3-yl) acetamido ] - 3 - (1- ally 1 - 1H- 1 e tr azol- 5 - 
yl)thiomethyl-3-cephem-4-carboxylic acid (syn isomer). 

10 mp 160 to 165°C (dec.) 

I.R. (Nujol) : 3380, 3250, 1780, 1680, 1630, 
1530, 1380, 1040 cm" 1 

(72) 7-[2-Ethoxyimino-2-(5-amino-l,2,4- 
thiadiazol- 3-yl) acetamido ] - 3 - (tetrazolo [1 , 5-b ] pyr idas ia- 

15 6-yl)thiomethyl-3-cephem-4-carboxylic acid (syn 
isomer), mp 180 to 18S°C (dec.) 

I.R. (Nujol) : 3350, 3240, 1780. 1680, 1620, 

1530, 1380, 1040 cm" 1 
(73 ) 7- [2-Eth.oxyimino-2- (5-amino-l,2,4- 
20 thiadiazol-3-yl)acetamido]-3-(5-aminomethyl-l,3,4- 
thiadiazol - 2 -yl) thiomethyl- 3 - cephem- 4 - carboxy lie 
acid (syn isomer), mp 198 to 205°C (dec.) 

I.R. (Nujol): 3350, 3250, 1775, 1680, 1620, 
.1535, 1380, 1040 cm" 1 ' 
25 (74) 7-[2-Ethoxyimino-2-(5-aminb-l,2,4- 

thiadiazol- 3-yl) acetamido] -3- [1- (2-hydroxyethyl) -1H- 
tetrazol-5-yl]thiomethyl-3-cephem-4-carboxylic acid 

(syn isomer), mp 170 to 173°C (dec.) 

I.R. (Nujol) : 3350," 3240, 1780, 1675, 1625, 
30 . 1530, 1380,- 1040, 720 cm" 

(75) 7- [2rMethoxyimino-2-(5-amino-l,2,4- 
thiadiazol- 3-yl) acetamido] - 3- (4-aliyl-4H-l , 2 ,4- 
triazol-5-yl)thiomethyl-3-cephem-4-carboxylic acid 

(syn isomer), mp 185 to 190°C (dec.) 
35 I.R. (Nujol) : 3350, 3250, 1780, 1680, 1625, 

1530 cm" 1 
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C 76) 7 - [ 2 -Me thoxy iaiao - 2 - (5 - amino -1,2,4- 
thiadiazol-3-yl) acetamido] -3- (3-methoxycarbonyl- 
1,2, 4 - thiadiazol- 5 -yl) thiomethyl- 3-cephem-4 - 
carboxylic acid (syn isomer), mp 180 to 185 °C (dec.) 
s i.r. (Nujol) : 3350, 3250, 1780, 1740, 1680, 

1620, 1530 cm" 1 
(77) 7- [2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl) acetamido ] -3- (3-carboxy-l , 2 ,4- 
thiadiazol-S-yl)thiomethyl-3-cephem-4-carboxylic 
10 acid (syn isomer) . mp 17S to 180°C (dec.) 

I.R. • (Nujol) : 3350, 3250, 1780, 1730; 1680, 
• 1620, 1530 cm" 1 



15 



20 



C78) 7-[2-Ethoxyimiao-2-(5-amino-l,2,4- 
thiadia=ol-3-yl) acetamido]-3- [1- (3-aminopropyl) - 
2S iH-tetrazol-5-yl]thiomethyl-3-cephem-4-carboxylic 
acid (syn isomer), mp 182 to 185°C (dec). 

I.R. .(Nujol) : 3350, 3200, 1770, 1670, 1620, 

1530, 1380, 1040 cm" 1 
C79) . 7- [2-Ethoxyimino-2-(5-amiao-l,2,4- , 
30 thiadiazol-3-yl) acetamido] -.St [1- (2 -amino ethyl) -1H- 
tetrazol-S-yl] thiomethyl- 3- cephem- 4 -carboxylic acid 
(syn isomer), np 195 to 210° C (dec). 

I.R. (Nujol) : 3340, 3210, 1770, 1675, 1620, 
1530, 1380, 1040 cm* 1 

35 



o 
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A mixture of 7-[2-methoxyiaino-2-(5-amino-l,2,4- 

thiadiazol-S>-yl)acetamido]cephalosporanic acid Csyn 

isomer) (3.5 g) , pyrazinethiol (1.1 g) and sodium - 

5 bicarbonate (1.3 g) in pH 6.86 phosphate buffer 

solution (150 ml) was stirred for 2 hours at 70°C. 

The mixture was cooled in an ice bath, acidified 

with 101 hydrochloric acid and extracted with ethyl 

acetate.- The extract was dried over magnesium 

10 sulfate and concentrated to 15 ml in vacuo. 

A resulting precipitate was collected by filtration, 
washed with ethyl acetate and dried to give crude 
7 - [ 2 -me thoxy imino - 2 - (5 - amino - 1 , 2 , 4 - thiadiazo 1 - 3 -y 1 ) - 
ace tamido ] - 3 -pyr azinyl thiome thy 1 - 3- cephem- 4 - 

15 carboxylic acid (syn isomer) (1.8 g) . The crude 
product was dissolved in acetone, treated with 
activated charcoal powder and evaporated to dryness. 
The residue was dissolved in an aqueous solution 
of sodium bicarbonate and reprecipitated with an 

20 addition of 10% hydrochloric acid to give pure 
object compound (1.1 g) .. mp 170 to 174°C (dec.) 

I.R. (Nujol) : 3350, 3250, 1780, 1680, 1620, 
1530 cm" 1 . 

N.M.R. (dg-DMSO, S) : 3.52 and 3.70 (2H, ABq, 
25 J»18Hz), 3.97 (3H, s) , 4.05 and 4.57 

(2H, ABq, J=13Hz), 5.13 (1H, d, J=4Hz) , 
5.80 (1H, dd, J=4 and 8Hz), 8.12 (2H, 
s), 8.3-8.6" (3H, m), 9.55 (IK, d f 'j=8Hz) 

Example 17 

30 . A mixture of 7- [2 -me thoxy imino -2- (S-amino- 

1, 2,4- thiadiazol-3-yl) ace tamido Jcephalosporanic acid 
(syn isomer) (3.0 g), tetrazolo[l,5-b]pyridazine-6- 
thiol (1.3 g) and sodium bicarbonate (1.1 g) in. pH 
6.85 phosphate buffer solution (130 ml) was stirred 

35 for S hours &t 73 C C The mixture was cooled in an 
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ice bath, acidified to pH 2 with 10% hydrochloric 
acid and extracted with ethyl acetate. The extract 
was dried over magnesium sulfate and concentrated 
to IS ml in vacuo. A resulting precipitate was 
5 collected by filtration, washed with ethyl acetate 
and dried to give crude 7- [2-methoxyimino-2- (5- 
amino-1,2, 4-thiadiazbl-3-yl)acetamido]-3- (tetrazolo- 
[ 1 , 5 -b ] py r ida z in- 6 -y 1 ) thiome thy 1 - 3 - c ephem- 4 - 
carboxylic acid (syn isomer) (2.5 g) . The crude 
10 product was dissolved in aqueous acetone, treated 
with activated charcoal powder and evaporated to 
. dryness. The residue was ' dissolved in an aqueous 
solution of sodium bicarbonate and reprecipitated 
with an addition of 10% hydrochloric acid to give 
IS pure object compound (1.1S g) . mp 175 to 180°C (dec*) 
I.R. (Nujol) : 3400, 3250,1885, 1725, 1670, 

1640,1540 cm" 1 
N.M.R. (dg-DMSO, a)": 3,62 and 3.82 (2H, ABq, 
J<L8Hz), 3.92 (3H, s) , 4.20 and 4.62 
20 ' (2H, ABq, J=14Hz) , 5,14 (1H, d, J-4Hz) , 

5.80 C1H, dd, J-4 and 8Hz)/ 7.72 (lH f 
d, J-8Hz), 8.10 "(2H, s), 8.56 (1H, d, 
J«8Hz), 9.56 (1H, d, J=*8Hz) 

Example 18 

25 A mixture of 7- [2-methoxyimino-2- (5-amino- 

1, 2 ,4-thiadiazol-3-yl)acetamido]cephalosporanic 
acid (syn isomer) (3.5 g) , 1- [2- (N-t-butoxycarbonyl- 
amino) ethyl] -lH-tetrazole-5-thiol (2.45 g) and 
sodium bicarbonate (1.3 g) in pH 6.86 phosphate 

30 buffer solution (150 ml) was stirred for 5 hours 
at 70°C. The mixture was cooled, in an ice bath, 
washed with ethyl acetate, acidified to pH 2 with 
10% hydrochloric acid and extracted with ethyl 
acetate. The extract was dried over magnesium * 

35 sulfate and concentrated to 10 ml in vacuo. 
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A resulting precipitate was collected by filtration, 
washed with ethyl acetate and diethyl ether and dried 
to give 7-[2-methoxyimino 7 2-(5-amino-i,2,4- 
thiadiazol- 3-yl) acetamido ] - 3- [1- { 2- (N- t-butoxy- 
5 c arfaony 1 amino ) e thy 1 HH- 1 e traz o 1 - 5 - y 1 ] thiome thy 1 - 3 - 
cephem-4-carboxylic acid (syn isomer) (2.0 g) . mp 200 
to 205°C (dec.) 

I.R. (Nujol) : 3300, 1780, 1700, 1680, 1620, 
1520 cm" 1 

10 N.M.R. (d 6 -DMS0, «) : 1.27 (9H, s), 3.28 <2H, m) , 

3.63 (2H, broad s), 3.87 (3H, s), 4.27 , 
(4H, broad s), 5.07 (1H, d, J=4Hz) , 5.75 
(1H, dd, J»4 and 8Hz), 8.10 (2H,s), 
9;50 (lH,d, J"8Hz) 

15 Example 19 

A mixture of 7- [Z-methoxyimino-2- (5-amino- . 
1, 2 f 4-thiadiazol-3-yl) acetamido] cephalosporanic acid 
(syn isomer) (3. 5 g) sodium (S-mercapto-lH^tetrazol* 
l-yl)methanesulfonate (2.18 g) . and sodium bicarbonate 

20 (1,3 g) in pH 6.86 phosphate buffer solution (150 mi) 
was stirred for 3 hours at. 70 ^C;; The mixture was 
cooled in an "ice bath, adjusted to pH 3 with 10%, 
hydrochloric acid and washed with ethyl acetate. The 
aqueous solution was subjected to column chrpmato- 

25 graphy oh non ion adsorption resin (Diaion HP 20) 

(Trademark: prepared by Mitsubishi Chemical Industries). 
The column was washed with water and eluted with 
30% aqueous methanol. The eluate was evaporated to 
remove methanol and then lyophilized to give sodium 

30 7- [2-raethoxyimino-2- (S-amino-l.S^-thiadiasol-S-yl) - 
acetamido ] - 3- (1- sulf onatome thyl - 1H- te trazol -5 -y 1) - 
thiomethyl-3-cephem-4-carboxylic acid (syn isomer) 
(0.67 g). mp 205 to 210*0 (dec.) 

I.R. (Nujol) : 3350, 32S0, 1780, 1680, 1530 cm" 

35 N.M.R, (d 6 -DMS0, 6) : 3.63 C2H, broad s) , 



O 
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3.88 C3H, s), 4.27 and 4.33 (2H, ABq, 
J*14Hz), 4.98 C2H, s) , 5.07 (IK, d, 
J»4Hz), 5.77 (1H, dd, J=4 and 8Hz), 
9.55 (IH, d, J=8Hs) 

5 Example 20 

A mixture o£ 7- [2-methoxyimino-2-(5-am.ino- 
1 , 2 , 4-thiadiazol- 3-yl) acetamido] cephalospo* anic acid 
(syn isomer) (3.5 g) , disoditm (5-sulfido-lH-tetrazol- 
l-yl)acetate (2.0 g) and sodium bicarbonate (1.3 g) 
10 in pH 6.8 phosphate buffer solution (150 ml) was 

stirred for 3.5 hours at 7Q°C.. The reaction mixture 
was 'cooled in an ice bath, mixed with ethyl acetate 
and adjusted to pH 3 with 10% hydrochloric acid. 
The aqueous layer was separated, mixed with ethyl 
15 acetate and the mixture was adjusted to pH 1 with 10% 
hydrochloric acid. The ethyl acetate layer was dried 
over magnesium sulfate and evaporated to dryness* 
The residue was triturated with diethyl ether to give 
7- [2 -me thoxyimino- 2- (5 -amino-1, 2, 4-thiadiazol -3-yl) - 
20 acetamido] -3- (1-carboxymethyl-lH-tetrazol-S-yl) - 

thiomethyl-3-cephem-4-ca.rboxylic acid (syn isomer) 
(1.68 g), mp. 123 to 125°C (dec). 

I.R. (Nujol) :. 3300, 3200, 1750, 1720, 
. \ 1680, 1620, 1520 cm" 1 
25 N.M.R. (dg-DMSO, 5) :3.72 (2H, broad s) , 

3.97 C3H, s), 4.27 and 4.5fl (2H, ABq, 
J=13Hz), 5.13 (IH, d, J=»4Hz), 5.33 
(2H, s), 5.83 (IH, dd, J=4 and 8Hz) , 
8.13 (2H, s), 9.60 (IH, d, J=8Hz) . 
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The following compounds were obtained accord- 
ing to similar, manners 'to .those of Examples. 15 to 20. 

CI) 7 " [2-Mf thoxyioino-2- (5-amino-l,2,4«' 
thiadiazol-3-yl)acetamido]-3-(2-thiazolin-2-yl)tlilo- 
methyl-3-ceph.em-4-carboxyJ.ic acid (syn isomer) . mp 

175 to 180°C (dec). 

I.R. (Nujol) : 3350, 3250, 1780, 1680, 1620, 
1S3Q cm" 1 

N.M.R. Cd 6 -DMS0, 5) : 3.43 (ZH, m) , .3.57 (2H, 

broad s), 5.93 (3H, s), 4.0-4.5 (4H, m) , . 
5.10 C1H, d, J=4Hzj, 5.80 (1H, dd, J-4 
and 8Hs), 8,10 (2H, s), 9.50 (1H, d, 
J»8Hz) 

(2) 7-C2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl) acetamido] -3- (1 - p r opy 1 -1H - te t r a z a 1 - 
5-yl)thiomethyl-3-cephem-4-carboxyiic acid (syn 
isomer), mp 155 to 160°C (dec.) 

I.R. (Nujol) : 3350, 3250, 1780, 1680, 1630, 
1530, cm" 1 . 

N.M.R. (dg-DMSO, 6) : 0.83 (3H, t, J=7Hz) , ' 
1.80 (2H, sextet, J«7Hz) , 3.67 (2H, 
broad s), 3.92 (3H, s), 4.23 (2H, t, • 
J=7Hz), 4.35 (2H, broads), 5.08 (1H, 
d, J«4Hz), 5.78 (1H, dd, J»4 and 8Hz) , 
8.08 (2H, s), 9.52 (!H,d, J=8Hz) 

(3) 7- [2-Methoxyimino-2- (5 -amino -1,2, 4- . 

thiadiazol-3-yl) acetamido] -3- [i- (S-metioxypropyl) - 

1H- tetrazol- 5 -yl ] thiame thyl- 3-cephem-4-carboxyiic 

acid (syn isomer), mp 165 to 167°C (dec.) 

I.R. (Nujol) : 3350 ^ 3250, 1780 , 15S0, 1620 , 
1530 cm-l 
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N.M.R. C<i 6 -DMSO, 6) : 2.02 (2H, quintet, 
J=7Hz), 3.17 (3H, s), 3.30 (2H, 
t, J»7Hz), 3.67 C2H, broad s) , 
3.90 (3H, s), 4,32 (2H, t, J=7Hz) , 
5 * 4.35 (2H, broad s) , 5.10 (1H, d, 

J»4Hz), 5.80 (1H, dd, J-4 and 8Hz) , 
8.13 (2H, s), 9.57 (1H, d fc J=8Hz) 

(4) 7- [2-Methoxyimino-2- (5-amino-l, 2,4- 
thiadiazol-3-yl) acetamido] -3- (3-methyl-l , 2 ,4- thia- 

10 diazol-5-yl) thi.omethyl-3-cephem-4-carboxylic acid 
(syn isomer), mp 178 to 182 C C (dec.) 

I.R. (Nujol) : 3350, 3250, 1780, 1680, 1630, 
1530 cm" 1 

N.M.R. (d 6 -DMSO, 6) : 2.58 (3H, s), 3.60 and 
IS 3.77 (2H, ABq, J-17Hs) , 3.97 (3H, s) , 

4.30 and 4.63 (2H, ABq, J=14Hz) , 5.17 
(1H, d, J=4Hz), 5.85 (1H, dd, J=4 and 
8Hz), 8.13 (2H, s), 9.57 (1H, d, J*8Hz) 

(5) 7- [2-Meth.oxyimin.o-2- (5-amino-l, 2 ,4- 



; | 20 thiadiazol-3-yl)acetamido]-3-(5-methoxymethyl-l,3,4- 
| thiadiazol-2-yl) thiomethyl-3-cephem-4-caxboxylic 

| acid (syn isomer), mp 170 to 174°C (dec.) 

?j I.R. (Nujol) : 3350, 3250, 1780, 1680, 1630, 

1530 cm" 1 * 

25 N.M.R. (d,-DMS0, «) : 3.40 (3H, s), 3.70 (2H, 



broad s) , 3.93 (3H, s) , 4.27 and 4.70 

(2H, ABq, J»13Hz), 4.83 (2H, s) , 

5.17 (1H, d, J*4Hz), 5.83 (1H, dd, 

J=4 and 8Hz) , 8.12 (2H, s) , 9.57 (1H, 

30 d, J»8Hz) 

(6) 7- [2-Meth.oxyimino- 2- (5-amino-l, 2,4 - 

thiadiazol- 3 -yl) acetamido] -3- (5 -methyl thiomethyl- 

l,3,4-thiadiazol-2-yl) th.iomethyl-3-cephem-4- 

carboxylic acid (syn isomer), mp 175 to 175°C (dec,*) 

35 I.R. (Nujol) : 3350, 3250, 1780, 1680, 1630, 

1530 cm-1 



o 
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N.M.R. (dg-DMSO, 6) : 2.13. (3H, s) , 3.70 (2H, 
broad s), 3.97 (3H, s) , 4.17 (2H, s) , 
4.27 and 4.57 (2H, ABq, J»14Hz) , 5.17 
(1H, d, J=4Hz), S.85 (1H, dd, J=4 and 
8Hz), 8.15 (2H, s), 9. 58 (1H, d, J=8Hz) 
C7) 7-[2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol- 3 -yl) ace tamido ] - 3- (4 -propyl -4H- 1,2,4- 
triazol-3-yl) thiomethyl-3-cephem-4-carboxylic acid 
(syn isomer), mp 182 to 184°C (dec.) 

I.R. (Nujol) : 3350, 3250, 1780, 1680, 1620, 
1530 cm" 1 



N.M.R. (dg-DMSO, 5) : 0.83 (3H, t, J=7Hz) , . 

1.72 (2H, m), 3.67 C 2H » broad s) , 3.90 
(2H, t, J-7Hz), 3.93 (3H, s) , 4.20 (2K, 
15 broad s), 5.10 (1H, d, J»4Hz) , 5.80 (1H, 

dd, J»4 and 8Hz), 8.12 (2H, s), 8.63 
C1H, s), 9.57 C1H, d, J»8Hz) 

(8) 7- [2-Methoxyimino-2- (5-amirio-l,2,4- 
thiadiazol-3-ylDacetamido]-3- (1-methylthiomethyl- 

2 0 1H- te trazol-'S-yl ) thiome thyl -3- cephera- 4 -carboxylic 
acid (syn isomer), mp 175 to 178°C (dec.) 

I.R. (Nujol) : 3350, 3250, 1780, 1680, 1620, 
1530 cm" 1 

N.M.R. (dg-DMSO, 5) V 2.17 (3H, s) , 3.72 (2H, 
2 s ; broad s), 3.93 (3H, s) , 4.30 and 4.50 

C2H, ABq, J-lSHz), 5.13 (1H, d, J=4Hz) , 
S.S3 (2H, s), 5.83 (1H, dd, J=4 and 
8Hz), 8.12 (2H, s), 9.57 (1H, d, J«8Hz) 

(9) 7-[2-Methoxyimino-2-(5-amino-l,2,4- 
50 thiadiazol-3-yl)acetamido]-3-(l-isopropyl-lH- 

tetrazol-S-yl)thiomethyl-S-cephem-4-carboxylic acid 

• (syn isomer), mp 180 to 182°C (dec.) 

I.R. (Nujol) : 335.0, 3250, 1780, .1680, iq30, 
1530 cm" 1 

35 N.M.R. (d 6 -DMS0, fi) ; 1.48 (6H, d, J=6Hz) , 
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3.70 C2H, broad s) , 3.95 (3H, s), 
4.43 C2H, broad, s),'4.75 (1H, m) , 
.5.13 UH, d, J=4Hz), 5.82 (1H, dd, 
• J=4 and 8Hz) , 8.12 (2H, s), 9.57 (1H, 
5 d, J»8Hz) 

(10) 7-[2-MethoJcyimino-2-(S-amino-l,2,4- 
thiadiazol-3-yl)acetamido]-3- [1- (2-hydroxyethyl) -1H- 
tetrazol-5-yl]thioraethyl-3-cephem-4-carboxylic 
acid (syn isomer), mp 170 to 175°C (dec.) 
0 I.R. (Nujol) : 3350, 3250, 1780, 1680, 1625, 

1530 cm" 1 

N.M.R. (d 6 -DMSO, 5) : 3.67 "(2H, broad s) , 
3.73 (2H, broad s) , 3.90 (3H, s), 
4.27 C2H, broad s) , 4.33 (2H, broad s) , 
5 5.10 (lH, d, J=4Hz), 5.80 (1H, dd, 

J»4 and 8Hs), 8.07 (2H, s) , 9.53 (1H, d, 
J=8Hz) 

CH) 7-[2-Meth6xyimino-2-(S-amino-l,2,4- 
thiadiazoi - 3-yl) ace tamido] - 3- [5 - C2 -hydroxye thyl ) - 
3 1,3,4- thiadiazol - 2 -yl ] thiomethyl - 3 - cephem- 4 - 

carboxyiic acid (syn isomer), mp 175 to 180 8 C (dec.) 
I.R. (Nujol) : '3350, 3250, 1780," 1680, 1630, 

1530 cm" 1 - • . 
N.M.R. (d 6 -DMSO, 5) : 3.20 (2H, t ,. J=5Hz) , 
' 3.67 (2H, broads), 3.73 (2H,t, J=5Hz) , 

3.95 (3H, s), 4.27 and 4.57 (2H, ABq, 
J»13Hz), 5.17 (1H, d, J=48z), 5.83 (1H, 
dd, J=4 and 8Hz), 8.13 (2H, s), 9.58 
. (1H, d, J=8Hz) 
' (12) 7-[2-Methoxyimino-2-(S r ; amino-l,2,4- 

tb.iadiazol-5-yl) ace tamido] - 3- (5 -propyl-1 , 3,4- 
thiadi a zo 1 - 2 -y 1 ) thiom'e thyl - 3 - cephem- 4 - c arb oxy 1 i c 
acid (syn isomer)', mp 177 to 180°C (dec.) 

I.R. (Nujol) : 3350, 3250, 1780, 1680, 1630, 
' 1530 cm" 1 
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N.M.R. Cd 6 -DMS0, 5) : 0.97 C3H, t, J=7Hz), 
1.73 (2H, m), 3.07 C2H, t, J»7Hz) , 
3.70 (2H, broad s), 3.97 (3H, s), 
"4.37 and 4.57 C2H, ABq, J»13Hz) , 
5 5.17 C1H, d, J»4Hz), 5.83 (1H, dd, 

J-4 and 8Hz), 8.13 (2H, s) , 9.57 (1H, 
d, J=8Hz) 

(13) 7-[2-Metho3cyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl)acetamido] -3- (S-hydroxymethyl- 

10 i | 3,4-thiadiazol-2-yl)thiometnyi-3-cephem-4- 

carboxylic acid" (syn isomer), mp 165 to 170°C (dec.) 
I.R. (Nujol) : 3350, 3250, 1780, 1680, 1620, 
1530 cm" 1 

N.M.R. (dg-DMSO, 6) : 3.67 (2H, broad s) , 
15 3.92 (3H, s), 4.27 and 4.57 (2H, ABq, ' 

J=13Hz), 4.82 (2H, s) , 5.13 (1H, d, 
J=4Hz), 5.83 (1H, dd, J=4 and 8Hz) , 
8.17 C2H,s), 9.60 ClH,d, J-8Hz) 

(14) 7-[2-Methoxyimino-2-(5-amino-l,2,4- 

20 thiadiaz6l-3-yl)acetamido]-3-(5-methanesul£onaiiiicio- 
methyl-1,3 ,4-thiadiazoi-2-yl) thiomethyl-3-cephem- 
4-carboxylic acid (syn isomer), mp 170 to 175°C 
(dec). 

I.R. (Nujol) : 3350, 3250, 1780, 1680, 1620, 
25 1530 cm" 1 

N.M.R. (d 6 -DMSO, 5) : 3.00 (3H, s)', 3.67 (2H, 
broad s), 3.93 (3H, s), 4.27 and 4.53 
(2H, ABq, J=14Hz), 4.55 (2H, d, J=»6Hz) , 
5.13 (lH,d, J=4Hz), 5.80 (1H, dd, 
30 j=4 and 8Hz), 8.03- (1H, t, J-6Hz), 

8.10 (2H, s), 9.53 (1H, d, J»8Hz) 

(15) 7-[2-Methoxyimino-2-(5-amino-l l 2,4- 
thiadiazol-3-yl)acetamido]-3-(3-allylthio-l,2,4- 
thiadiazol-5-yl)thiomethyl-3-cephem-4-carboxylic 

35 acid (syn isomer), mp 170 to 173°C (dec.) 
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I.R. (Nujol) : 3350, 3250, 1780, 1680, 1620, 
1530 cm' 1 

N.M.R. (dg-DMSO, 5) : 3.58 and 3.74 C2H, ABq, 
J»17Hz), 3.90 (2H, d, J=6Hz) , 3.92 
5 ' (3H, s), 4.32 and 4.54 (2H, ABq, J=14Hz) , 

5.15 (1H, d, J=4Hz), 5.0-5.4 (2H, m) , 
5.7-6,1 (1H, m), 5.84 (1H, dd, J-4 and 
' 8Hz)/ 8.12 (2H, s), 9.58 (1H, d, J=8Hz) 
C16] 7-[2-Methoxyimino-2-(5-amino-l,2,4- 
10 ' thiadiazol-3-yl)acetamido]-3- (S-mesylmethyl-1 jS^- 
thiadiazol^-y^thiomethyl-S-cephem^-carboxylic acid 
(syn isomer), mp 175 to 180°C (dec.) 

I.R. (Nujol) : 3350, 3250, 1780, 1680, 1620, 
1530 cm" 1 

IS N.M.R. (d 6 -DM50, 5) : 3.13 (3H, s) , 3.70 (2H, 

broad s), 3.93 (3H, s) , 4.15 and 4.63 

(2H, ABq, J»13Hz), 5.17 (2H, s) , 5.13 

(lH, d, J=4Hz), 5.83 (1H, dd, J=»4 and 

8Hz), 8.08 (2H, s), 9.53 (1H, d, J»8Hz) 

20 " (17) 7-[2-Methoxyimino-2-(5-amino-l,2,4- 

thiadiazol-3-yl)acetainido]-3- (4-methyl-4H-l,2,4- 

triazol-3-yl)thiomethyl-3-cephem-4-carboxylic acid 

(syn isomer), mp 180 to 185°C (dec.) 

I.R. (Nujol) : 3350, 3250, 1780, 1680, 1620, 

25 1530 cm" 1 

N.M.R. (d 6 -DMSO, 6) : 3,53 (3H, s) , 3.62 (2H, 

broad s), 3.87 (3H, s) , 4.08 (2H, broad 

s), 5.07 (1H, d, J-4Hz), 5.75 (1H, dd, 

_J»4 and 8Hz) , 8.08 (2H, s) , 8.52 (1H, s) , 

30 9.50 (1H, d, J=8Hz). 

(18) 7- [2-Methoxyimirio-2- (S-amino-1,2 ,4- 

thiadiazol-5-yl)acetamido]-3- [l-{2- (N, N- dime thy 1- 

amino)ethyl}-lH-tetrazol-5-yl]thiomethyl-3-cephem- . 

4-carboxylic acid (syn isomer), mp 185 to 190°C (dec.) 

25 I.R. (Nujol) : 3350, 3250, 1780, 1680, 1620, 

1530 cm" 1 
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N.M.R. (dg-DMSO, 6) : 2.47 (6H, s), 3.0-3.3 
(2H, m), 3.67 (2H, broad s) , 3.90 
(3H, s), 4.28 (2H, broad s) , 4.4-4:7 
• (2H, m), S.08 (1H, d, J=4Hz) , S.77 (1H, 
S dd, J-4 and 8Hz), 8.12 (2H, s), 

9. 55 (1H, d, J=8Hz) 

(19) 7-[2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl)acetamidol-3- [4-(3-methoxypropyl) - 
4H-l,2,4-triazol-3-yl]thiomethyl-3-cephem-4- 

10 carboxylic acid (syn isomer), mp 175 to 180°C (dec.) 

.I.R. (Nujol) : 3350, 3250, 1780, 1680, 1620, 
1530 cm" 1 

N.M.R. (d fi -DMS0, 6) : 1.97 (2H; m) , 3.28 (3H, 

s), 3.35 (2H, t, J»8Hz), 3.73 (2H, broad 
15 s), 3.97 (3H, s), 4.03 (2H, t, J=8Hz) , 

4.23 (2H, broad s), 5.17 (1H, d, J=4Hz), 
5.83 (1H, dd, J=4 and 8Hz) , 8.15 (2H, 
s), 8.67 (1H, s), 9.57 (1H, d, J=8Hz) 

(20) 7-[2-Methoxyimino-2-(5-amino-l,2,4- 
20 thiadiazol-3-yl)acetamido]-3-{5-(2-aminoethyl)- 

l,3,4-thiadiazol-2-yl]thiomethyl-3-cephem-4- 
carboxylic acid (syn isomer), mp 205 to 210°C (dec.) 

I.R. (Nujol) : 3200, 1770, 1670, 1620, 1530 cm" 1 
N.M.R. (d 6 -DMS0, 6) :. 3.10-3.70 (6H, m), 3.92 
25 . (3H, s), 4.50 (2H, broad s) , 5.06 (1H, 

d, J=4Hz), 5.72 (1H, dd, J=4 and 8Hz) , 
8.18 (2H, s), 9.50 (1H, d, J=8Hz) 

( 21 ) 7- [ 2 - Me thoxy imino - 2 - ( 5 - amino -1,2,4- 
thiadiazol- 3-yl) acetamido ] - 3- (5 - aminome thyl -1 , 3 , 4 - 

30 thiadiazol-2-yl)thiomethyl-3-cephem-4-carboxylic 
acid (syn isomer), mp 210 to 215°C (dec.) 

I.R. (Nujol) : 3350, 3200, 1770, 1680, 1620 cm" 1 

(22) 7- [2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl)acetamido] -3- [1- (2-aminoethyl) -1H- 

35 tetra:ol-5-yl]thiomethyl-3-cephem-4-carboxylic acid 
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(syn isomer), mp 2Q0 to 2QS°C (dec.) 

I.R. (Nujol) : 33SQ, 32*00, 1775,1670, 1620, 1530 cm" 1 

( 23 7-[2-Ethoxyimino-2-(5-amino-l,2,4- 
tniadiazol-3-yl) acetamido ] - 3- (1 , 3 , 4-thiadiazol -2- 
yl)tniomethyl-3-cephem-4-carbo3cylic acid (syn isomer), 
mp 150 to 155°C (dec.) 

I.R. (Nujol) : 3350,3230,1775,1680,1620,1530 cm" 1 

(24) 7-[2-Isopropoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl) acetamido ] -3- (1 , 3 , 4-thiadiazol-2-yl) - 
thiomethyl-3-cephem-4-carbojcylic acid (syn isomer), 
mp 145 to 150 °C (dec.) 

I.R. (Nujol) : 3370, 3230, 1780, 1680, 1625, 
1530 cm"^ 

65 D 7-[2- Propoxyimino^2-(5-aaino-l,2,4- 
thiadiazol-3-yl)acetamido]-3-(l,5,4-thiadiazol-2-yl)- 
taiometnyl-3-cepIiem-4-carboxylic acid (syn isomer), 
mp 130 to 133°C (dec.) 

I.R. (Nujol) : 3380, 3230, 1780, 1680, 1625, 
1530 cm" 1 

- 66 ) 7-[2-Methoxyimino-2-(S-amino-l,2,4- 
th.iadiazol-3-yl) acetamido] -3- [5- (N-t-buto^carbonyl- 
^no^ethyl-l .S^-thiadiazol^^lJthiomethyl-S- 
cephem^-carboxylic acid (syn isomer) . mp 150 "to - 
155°C (dec.). 

I.R. (Nujol) : 3350, 32S0, 1780, . 1670 cm" 1 
(273 7-[2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiaz'ol-3-yl)acetamido]-3-(S-allylthio-l,3,4- 
thiadiazol-2-yl)tIiiometIiyl-3-cephem-4-caTboxylic 
acid (syn isomer), mp 160 to 165°C (dec.) 

I.R.. (Nujol) : 3350, 32S0; 1780, 1680, 1620 cm" 1 
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£28) 7 - [ 2 -Me taoxy imino - 2 - (5 - amino -1,2,4- 
tLi'adiazol-3-yl) acet'amido-] --S-acetyltaiome thyl-S- 
cepTtem-4-carbaxylic acid (syn isomer) . mp 178 to 

182°C (dec.) ' . • 

I.R. (Nujol) : 33S0, 3250, 1780, 1680, 1620 cm 

(29] 7- [2-Ethaxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl)acetamido] -3- [l-£3-(N-t- 
butoxycarbonylainino)pTopyl}-lH-tetTa261-S-yl]- 
thiomethyl-3-cephem-4-carboxylic acid (syn isomer). 

mp 183 to 188 0 C (dec.) 

I.R. (Nujol) : 3370, 3240, 1780, 1690, 1630, 

1530, 1380, 1260, 1170, 1040 ca" 1 
N.M.R. (d 6 -DMSO, fi) : 1.27 (3H, t, J-7Hz) , 

1.38 (9H, s), 2.0 (2H, m), 2.98 (2H, m) , 
3.7 (2H, m), 4.0-4.42 (6H, m) , 5.17 (1H, 
d, J»4.5Hz), 5.83 (1H, dd, J-4.5- and 
8.OH2), 6.83 (1H, m), 8.13 (2H, broad s) , 
9.53 (1H, d, J-8.0H2) 

(50) 7-[2-Ethoxyiiidno-2-(S-amiho^l,2,4- 
thiadiazol-3-yl)acetamido]-3- [l-{2-(N-t- 
butoxycarbonylamino)eth.yl}-lH-tetrazol-S-yli- 
1iiometnyl-3-c.ephem-4-carboxyiic acid (syn isomer) . 

I.R. (Nujol) : 3360, 3240, 1780, 1690, 1630, 

1530, 1375, 1250, 1170, 1040 cm" 1 

N.M.R. (d 6 - DMS0, 5) : 1.27 (5H, t, J»7Hz) , 
1.33 (9H,;.s), 3.17-4.0 (6H,m), 4.01- 
4.5 (4H, m), S.17 (lH,.d, J»4.5Hz), 
5.87 (1H, dd,J=4.5-and '8.0Hz) ,7.0 (1H, 
m) , 8.16 (2H, broad s), 9.57 (lH,d, 

j=3.ohz) ; 

(51 ) 7 - [ 2 - E thoxy imino - 2 - ( S - amino - 1 , 2 , 4 - 
thiadia:ol-3-yl)acetasido3-3-(l-nethyl-lH-tetra20l- 
5-yl)thion:8thyl-3-cephsia-4-carspr/lic acid (syn isomer). 
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mp. 156 to 159°C .(dec.) 

I.R. (Nujol) : 3360, 3250, 1780, 1680, 

1625, 1380, 1080, 1040 cm" 1 
N.M.R. (dg-DMSO, 5) : 1.27 (3H, t , J»7Hz) , 
5 3.7 £ H, broad s), 3.95 (3H, s) , 4.0- 

4'. 56 (4H, m), 5.15 (1H, d, J=4.5Hz), 
5.83 (1H., dd, J-4.S and 8Hz) , 8.12 
(2H, broad s) , 9.53 (1H, d, J=8.0Hz) 

(32) 7-[2-Ethoxyimino-2-(5-amino-l,2,4- 

10 thiadiazol-3-yl)acetamido]-3-[l-{2-(N,N-dimethyl- 
amino)ethyl}-lH-tetrazol-5-yl]thiomethyl-3-cephem- 

4- carboxylic acid (syn isomer), mp 177 to 180°C 
(dec.) 

I.R. (Nujol) : 3380, .3250, 1775, i670, 1620, 
15 1535, 1380, 1040 cm" 1 

N.M.R. (dg-DMSO, 6) : 1.27 (3H, t, J-7Hz) , 

2.50 (6H, s), 3.17 (2H, m) , 3.67 (2H, 
m), 4.22 (2H, q, J=7Hz) , 4.0-4.7 (4H, 
m), 5.13 (1H, d, J=4.5Hz), 5.83 (1H, 
20 dd, J-4.5 and 8.0Hz), 8.17 (2H, broad 

. s), 9.58 (1H, d, J»8.0Hz) 

(33) 7- [2-Ethoxyiminor2- (5-amino-l ,2 ,4- 
thiadiazol-3-yl)acetamido]-3-(l-allyl-lH-tetrazol- 

5- yl)thi6me^yl-3-cephem-4-carboxylic acid (syn 
25 isomer), mp 160 to 165°C (dec.) 

I.R. (Nujol). : 3380, 3250, 1780, 1680, 1630, 

. : 1530, 1380, 1040 cm" 1 
N.M.R. (dg-DMSO, 5) : 1.25 (3H, t, J»7Hz) , 
3.7 (2H, m), 4.0-6.0 (13H, m), 8.13 
30 (2H, broad s) , 9/57 (1H, d, J=8.0Hz) 

(34) 7- [2-Ethoxyimino-2- (5-amino-l,2,4- 

thiadiazol-3-yl) acetamido] -3- (tetrazolo[l ,5-b] - 

pyridazin-6-yl)thiomethyl-3-cephem-4-carboxylic 

acid (syn isomer), mp 180 to 185°C (dec.) 

35 I.R. (Nujol) : 3350, 3240, 1780, 1630, 1620, 

1550, 1380, 1040 cm" 1 
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N.M.R. (VDMSO, fi). : 1.27 (3H, t , J=7Hz) , 
3.77 (2H, m), 4.20 (2H, q, J»7Hz) , 
4.20 and 4.67 (2H, ABq, J-12Hz) , 5.20 
(1H, d, J-4.SHX). 5.83 (1H, dd, J-4.S 
5 and 8Hz), 7.73 (IK,- d, J=9Hz)., 8.12 (2H, 

broad s), 8.56 (IK. d, J-9H«) , 9.53 (1H, 
d, J-8Hz) 

&5 ) 7-[2-Ethoxyimino-2-(5-amino-l,2,4- 
thiadiazol- 3-yl) acetamido] -3- (5-aminomethyl-l , 3 ,4- 
10 thi a diazol-2-yl]thiomethyl-3-ceph e m-4-carboxylic 

acid -(syn isomer), mp 198 to 20S»C (dec.) 

I.R. (Nujol) : 3350, 3250, 1775, 1680, 1620, 

1S3S, 1380, 1040 cm . 
N.M.R. (d 6 -DMSO + D 2 0, 6) s 1.27 (SH. t. JrTHz) . 

3.6 (2H, broad s), 4.23 (2H, q, J*7Hz), 
4.0-4.83 (4H, m), 5.13 (1H, d, J=4.5Hz), 
5.80 (1H, d, J=4.SHz) 
(36) 7- [2-Ethoxyimino-Z- (S-amino-1 ,2 ,4- 
thiadiazol-3-yl)acetamido].3-[l-(2-hydroxyethyl). 
lH-tetrazoI-5-yl]thiomethyl-3-cephem-4-carboxylic 

acid (syn isomer), mp 170 to 173% (dec ) 

I.R. (Nujol) : 3350, 3240, 1780, 1675, 1625, 

1530, 1380, 1040, 720 cm 
N.M.R. Cd 6 -WSQ. 6) : 1.27 (3H, t f> J-7H.)., . 

3.67-4. 4, (1QH, m) , 5.15 (1H, d. J«4.SHz), 
S.83 (1H, dd, J-4.5 and 8Hz), 8.13 (2H, 
broad s), 9.57 (1H, d, J=8,0Hz) ; 
(57) 7-[2-Methoxyi«iao-2rCS-ania°" l t 2 i 4 " 
thiadiazol-S-y^acetamidol-S^-allyl^H-l,?^. _ 

triazol-3.yl)thiomethyl-3-cephem.4-carboxylic acid 

(syn isomer), mp 185 .to. 190/C (dec.) 

I.R. (Nujol) : 3550, 3250, 1780, 1680,. 

1625 , 1530 cm 
N.M.R. Cd 6 -DMS0, 5) : 3.67 (2H, broad s), 3 93 
35 (3H, s), 4.20 (2H, broad s) , 4.4,-4.66 
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(2H, a), 4.88-5.40 (3H, a), S. 60-6. 06 

(2H,.m), 8.18 C2H, s) , 8.63 (1H, s) , 
9. 57 (1H, d,. J=8H=) 

(33) . 7- [2-Methoxyimino-2-(5-aaino-l,2,4- 
5 th.iadiazol-3-yl)acetamido]-3- (3-methoxycarbonyl- 

1,2,4- thiadia zo 1 - 5 -y 1 ) thiome thyl - 3 - c ephem- 4 - carb oxy li c 
acid Csyn isomer), mp 180 to 18S°C (dec.) 

• I.R. (Nujol) : 3350, 3250, 1780, 1740, 1680, 

1620, 1530 cm" 1 
10 N.MiR. (d 6 -DMSO, 6) : 3.70 (2H, broad s) , 

3.93 (6H, s), 4.47 (2H, broad s), 5.17 
(lH.'.d, J-4Hz), 5.83 (1H, dd, J=4 and 
8Hz), 8.10 (2H, .s), 9. 57 (1H, d, J«8Hz) 
(59) 7-[2-Met±oxyimino-2-(5-amino-l,2,4- 
15 thiadiazol-3-yl)acetamido]-3-(3-carboxy-l,2,4- 

thiadiazol-5-yl) thiome thyl -3-cephem-4-carboxy lie 
acid (syn isomer), mp 175 to 180°C (dec.) 

I.R. (Nujol) : 3350, 3250, 1780, 1730, 1680, 
1620, 1550 cm" 1 
• N.M.R. (dg-DMSO, fi) : 3.73 (2H, broad s), 3.93 
' ' (3H, s), 4.47 (2H, broad s), 5.17 (1H, 

d, J-4Hz), 5.83 (1H, dd, J=4 and 8Hz) , 
8.10 (2H, s), 9.57 (1H, d, J»8Hz) • 

. C40) 7-[2-Ethoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl)acetamido]-3- [i- (3-aminopropyl)- 
lH-tetrazol-5-yl]thiomethyl-3-cephem-4-carboxylic 
acid (syn isomer), mp 182 to 185°C (dec.) 

I.R. (Nujol) : 3350, 3200, 1770, 1670, 1620, 
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1530, 1380, 1040 cm" 1 



(41) 7- [2-Ethoxyimino-2 i (5-amino-l,2 l 4- 
thiadiazol-3-yl)acetamido]-3- [1- (2-aminoethyl) -1H- 
tetrasol-5-yl]thiomethyl-3-cephem-4-carboxylic acid 
(syn isomer), mp 195 to 210 °C (dec.) 

I.R. (Nujol) : 3340, 3210, 1770, 1675, 1620, 
03 1530, 1380, 1040 cm' 1 
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(42) 7-[2-IsopTOpoxyimitto-2-(S-andttO-l,2,4- 
thiadiazol- 3-yl) acetamido]- 3- (1-carboxymetnyl-lH- 
tetrazol-S-yDthiomethyl-S-cephem^-caTboxylxc acid 

(syn isomer), mp. 175 to 180'C Cdec.}. 

I.R. CNujol) : 3300, 3200, 1770. 1720, 
1680, 1620,1520 cm 

N.M.R. CVDMSO, 3) : L* 7 d » J=6Hz) ' 

3.67 (2H, broad s), 4.23 and 4.47 
(2H, ABq, J-14Hz), 4.20-4.50 (1H, m) , 
5.10 0&,A, J=4Rz), 5.30 (2H, s),- 
5.80 (1H, dd, J-4 and 8Hz) , 8.10 (2H, s) , 
• 9.47 (1H, d, J-8Hz) 
(43) 7" [2-Methoxyimino-2-(5-amino-l,2,4- 

thiadia Z ol-3-yl)acetamido]-3-(5-carbpxymethylthio- 
1 3 ,4-thiadiazol.2-yl)thiomethyl-3-cepHein-4.carboxylxc 

acid Csyn isomer), mp. 150 to 155»C (dec.).. 
I.R. CNujol) : 3350, 3250, 1780, 1720, 

1680, 1620, 1530 cm 
N.M.R. Cd 6 -mS0, *) : 3.60 and 3.72 C2H ABq 

J-18HZ), 3.92 (3H, s) , 4.14 (2H, s) , 
4.22 and 4.48 (2H, ABq, J»14Hz) , 
5.12 (1H, d, J»4Hz), 5.80 (1H, dd, 
j-4 and 8Hz), 8.50 (2H, s) , 9.50 OH, 
d, J=8Hz) 

25 f441 7-(2-iEsopropojcyimino-2-(5-amino-l,2,4- 

hiadiazol-3.yl)acetamido].3-(l.met h yl-lH-tetrazol- 
5-yl)tkiomethyl-3-ce P nem-4-carb 0 xylic acxd (syn isomer), 

mp. 170 to 175 °C (dec). 

I.R. CNujol) ; 3350, 3250, 1780, 

1680, 1620, 1530 cm 
N.M.R. Cd 6 -DMS0, «) : 1.27 C6H, d. J-6H.). 3.73 

(2H. broad s), 4.00 (5H, s) , 4.33 (2H, 
broad s), 4.27-4.67 (1H, m) , 5.17 (1H, 
d. J-4HS). 5.87 C1H, dd, J=4 and 8Hz) , 
ss 8.15 (2H, s), 9.53 (IB. <*, ' 
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(45) 7-[2-Isopropoxyimino-2-(S-amino-l,2,4- 
thiadiazol-3-yl)acetamido]-3- [l-{2- (N-t- 
butqxycarbonyl amino) ethyl } -lH-tetrazol-S-yl ] thiomethyl- 
3-cephem-4-carboxylic acid (syn isomer), mp. 142 to 

5 147°C (dec). 

. . I.R. (Nujol) : 3350, 3250, 1780-, 1690, 1630, 

1530 cm" 1 

N.M.R. (dg-DMSO, 6) : 1.22 (6H, d, J=6Hz) , 
1.30 (9H, s), 3.17-3.50 (2H, m) , 
10 3.70 (2H, broads), 4.17-4.57 (5H, m) , 

5.13 (1H, d, J=4Hz), 5.83 (1H, dd, 
J=4 and 8Hz) , 8.17 (2H, s), 9.55 (1H, 
4 d, J=8Hz) 

(46) 7- [2-Isopropoxyimino-2-(5-amino-l,2,4- 

15 thiadiazol-3-yl) acetamido]-3- (tetrazolo [l,5-b]pyri- 
da zin - 6 - yl) thi ome thy 1 - 3 - c ephem- 4 -c arb oxy 1 ic acid 
(syn isomer), mp. 165 to 170°C (dec). 

I.R. (Nujol) : 3300, 3200, 1775, 1710, 1670, 
" 1625, 1S2S cm" 1 
20 N.M.R. (d 6 -DMS0, 5) : 1.23 (6H, d, J=6Hz) , 

3.73 (2H, broad s), 4.20-4.50 (1H, m) , 
4.25 and 4.62 (2H, ABq, J=13Hz), 
5.18 (1H, d, J=5Hz), 5.87 (1H, dd, 
J=S and 8Hz) , 7.78 (1H, d, J-lOHz) , 
25 8.18 (2H, broad s), 8.65 (1H, d, 

J=10Hz), 9.63 (1H, d, J-8Rs) 

(47) 7- [2-Isopropoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl)acetamido]-3- (l-allyl-lH-tetrazol-S- 
ylJthiomethyl-S-cephenM-carboxylic acid (syn isomer), 

30 mp. 135 to,140°C (dec). 

I.R. (Nujol) : 3350, 3230; 1780, 1680, 1625, 
15 30 cm" 1 

N.M.R. (d 6 -DMS0, 5) : 1.27 (6H, d, J=6Hz) , 

3.68 (2H, broad s), 4.2S and 4.45 . 
35 (2H, ABq, J=13Hz) , 4.20-4.50 (1H, m) , 
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4.8S-5.08 (2H, m) , 5.13 (1H, d, J=5Hz) , 
5.18-S.4S (2H, m ), 5.82 (1H, dd, 
J=5 and 8Hz) , 5.60-6.20 (1H, m) , 
8.12 (2H, broad s), 9.48 (1H, d, J=8Hz) 

(48) 7- [2-Methoxyimino-2-C5-amin.o-l,2,4- 
thiadiazol-3-yl)acetamido]-3-C5-tri£luorometliyl-l,3,4- 
thiadiazol-2-yl)thiomethyl-3-cephem-4-carboxylic acid 

(syn isomer), mp. 150 to 155 °C (dec). 

I.R. (Nujol) : 3300, 3200, 1770, 1670, 1620, 
1520 cm" 1 

N.M.R. (d 6 -DMS0, 6) : 3.70. (2H, broad s), 3.93 

" (3H, s), 4.37 and 4. 65 (2H, ABq, J»13Hz), 
5.17 C1H, d, J=5Hz), 5.85 (1H, dd, 
J=S and 8Hz) , 8.17 C2H, broad s), 
9.57 (1H, d, J»8Hz) 

(49) 7- [2-Metb,oxyimino-2-(5-amino-l r 2,4- 
thiadiazol-3-yl)acetamidoiJ-3.[2-carboxymetliyl-3-oxo- 
2,3-dihydro-l,2,4-.triazolo[4,3-b]pyridazin-6-yl]- 
thiomethyl-3-cepb.em-4-carboxylic acid (syn isomer), 
mp. 205 to' 210°C (dec). 

I.R. (Nujol) : 3300, 1765, 1710, 1680, 1620, 

1550, 1520 cm -1 . 
N.M.R. (d 6 -DMS0, 5) : 3.67 (2H, broad s) , 3.93 
(3H, s), 4.27 (2H, broad s) , 4.63 
(2H, s), 5.10 (1H, d, J»SHz), 
5.75 (1H, dd, J=S and 8Hz) , 7.05 
(1H, d, J-lOHz), 7.67 (1H, d, J-lOHz) , 
8.13 (2H, broad s) , 9.53 (1H, d, J=8Hz) 
(50) .7-[2-Meth.oxyimiao-2-C5-aai3io-l > 2,4- 
thiadiazol- 3-yl) acetamido] -3- (5 -me thy 1 amino -1 , 3, 4- 
thiadiazol-2-yl)tniomethyl-3-cephem-4-carboxylic 

acid (syn isomer), mp. 175 to 180 a C (dec). 

I.R. (Nujol) : 3450, 3370, 3250, 1775, 1710, 
1680, 16 30, 1560 cm" 
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N.M.R. (d 6 -DMSO, 6) : 2.90 (3H, s) , 3.68 
(2H, broad s) , 3.95 (3R, s), 
4.10 and 4.27 C2H, ABq, J-13Hz) , 
S.13 (1H, d, J=SHz), 5.83 (1H, dd, 
5 • J«5 and 8Hz), 7.83 (1H, broad s), 

8.17 (2H, broad s) , 9.60 (1H, d, 
J=8Hz) 

(51) 7- [2 -Methoxyimino-2- (5 -amino- 1 , 2,4- 
thiadiazol- 3-yl) ace tamido ] -3- (S -amino-1 , 3, 4 - 
10 thiadiazol-2-yl)tMomethyl-3-cephein-4-carboxylic acid 
(syn isomer), mp. 165 to 170°C (dec). 

I.R. (Nujol). : 3350, 3210, 1770, 1670, 1620, 
1520 cm" 1 

N.M.R. (dg-DMSO, <5) : 3.67 (2H, broad s) , 3.95 
15 (3H, s), 4.08 and 4.25 (2H, ABq, 

J=13Hz), 5.12 (1H, d, J=5Hz), 5.80 
(ISy dd, J=5 and 8Hz) , 7.33 (2H, broad 
s), 8.15 (2H, broads), 9.57 (2H, d, 
J=8Hz) 

20. (52) 7- [2-Metboxyimino-2-(5-amino-l,2,4- 

thiadiazol-3-yl)acetamido]-3-[l-{3-(N-t-butoxycarbonyl- 
amino)propyl}-lH-tetrazol-5-yl]thiomethyl-3-cephem- 
4-carboxylic- acid (syn isomer), mp. 175 to 18Q°C (dec). 
I.R. (Nujol) : 3370, 3250, 1785, 1690, 16 30, 
25 1530 cm" 1 

N.M.R. (dg-DMSO, 6) : 1.37 (9H, s) , 1.73-2.17 
(2H, m), 2.73-3.17 (2H, m) , 3.68 
(2H, broad s) , 3.90 (3H, s) , 4.25 (2H, 
t, J=7Hz), 4.27 (2H, broad s) , 

5.12 (1H, d, J=SHz), 5.80 (1H, dd, 
J-5 and 8Hz) , 6. 70-7.02 (1H, m) , ' 

8.13 (2H, broad s) , 9.55 (1H, d, J=8Hs) 
(53) 7- [2-Methoxyimino-2-(5-amino-l,2,4- 
thiadia:ol-3-yl)acetamido]-3-[l-{3-(acetamido)propyl)- 
lH-tetrazol-5-yl]thiomethyl-3-cephera-4-carboxylic acid 
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(syn isomer), rap- 150 to ^SS°C (dec). 

I.R. (Nujol) : 3350, 3230, 1780, 1660, 1620, 
1530 cm" 1 

N.M.R. (d 6 -DMS0, 5) 1.80 (3H, s) , 1.87-2.17 
(2H„ vi) , 2.90-3.30 (2H, m) , 3.70 
(2H, broad s), 3.93 (3H, s), 4.28 
(2H, t, J=7Hz), 4.30 (2H, broad s) , 
5.13 (1H, d, J»5Hz), 5.82 (1H, dd, 
J«5 and 8tiz) , 7.77-8.03 (1H, m) , 
8,10 (2H, broad s), 9.57 (1H. *. J- 3Hz) 

(54) 7- [Z-lSBthoryivdxifi-2- (5-amino-l, 2,4- 
thiadiazol-3-yl)acetaraido]-3- [l-{l<acetamidoraethyl) - 
e thy 1} - 1H- te tr az ol- 5-yl ] th.iome tjiy 1 - 3-cepb.em- 4- 

carboxylic acid (syn isonjer) , mp. 160 to 165°C(dec). 

I.R. (Nujol) .: '3350, 3250, 1780, 1660, 1620, 
•15 '30 cm" 1 • 

N.M.R. (d 6 -DMSO„ 5) ; 1.52 (3H, d, J«6Hz) , 
1.75 (3H,'s), 3.13-3. 8Q (ZH, m) , 
3. 7$. (2H/ broad s) , 3.9 3 (3H, s) , 
4. 53 (2H, .broad s), 4.50-4.83 (1H, m) , 
S.12 (lfl.'d, J-5Hz), 5.80 (1H, dd, 
J«S and 8H2), 8.00 (1H, t, J«6Hz) , 
8.10 (2H, broad s), 9.53 (1H, d, J»8Hz) 

(55) 7- [2-Methoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl)acetamidol-3-[l-{l-(N-t-butoxycarbonyl- 
aminomstliyDethyD-lH-tetrazol-S-yllthioinethyl-S- 

cephem-4-carboxylic aaid (syn isomer), mp. 180 to 

185 °C (dec.). 

I.R. (Nujol) : 3370, 3230, 1780, 1690, 1630, 

1530 cm" 1 

N.M.R. (d 6 -DMSO, 5) : 1.33- (9H, s), 1.S0 (5H, d,. 

J=-6Hr), 3.17-3.60 (2H, m) , 3.73 (2H, 
broads). 3.95 (3H, s) , 4.35 (2H, 
broad s), 4.33-4.83 (1H, m) , S.a7 (1H, 
d, J=5H;), 5.87 (1H, dd, J=5 and 8Hz) , 
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6.93 - 7.23 (1H, m) , 8.20 (2H, broad 
s), 9.72 (1H, d, J=8Hz) 
(56) 7- [2-Methoxyimino-2-(5-amino-l,2,4- 

t hi adi az ol- 3 -y 1 ) ace tamido ] - 3 - [ 1 - { 3 - (N ,N- di me thy 1 amino ) - 
S propyl} -iH-tetrazol-5-yl]thiqmethyl-3-ceph.em- 4- 

carboxylic acid (syn isomer), mp. 165 to 170°C (dec). 
I.R. (Nujol) : 3350, 3200, 1770, 1670, 1610, 
. . 15 3Q cm" 1 • 

. N.M.R. 0%-DMSO, S) : .2.03-2.57 (2H, m) , 
10 2.67 (6H, s), 2.73-3.27 (2H, m) , 

3.67 (2H, broad s), 3.93 (3H, s) , 
4.33 (2H, broad s), 4.10-4.77 (2H, m) , 
5.05 (1H, d f J=5Hz), 5.70 (1H, dd, 
J»5 and 8Hz) , 7.93-8.43 (3H, m) , 
IS 9-53 (1H, d, J=8Hz) 

{5;7,) 7- [2-Isopropoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl)acetamido]-3- [5-(N-t-butoxycarbonyl- 
amino) metb.yl-1 , 3 , 4- thiadiazol-2 -yl] thiome thy 1- 3- 
20 • ce'phem-4-carboxylic acid (syn isomer), mp. 140 to 
145°C (dec). • 
I.R.- (Nujol) : 3300, 1780, 1670, 1620, 
': , 1530 cm" 1 . 

(58) " 7- [2-Meth.oxyimiD.o-2- (5-amino-l,2,4- 
25 thiadiazol-3-yl)acetamido]-3-[l-(2-carboxyethyl)-lH- 
tetrazol-5-yl]thiomethyl-3-:cephem-4-carboxylic acid 
(syn isomer), mp. 150 to 155°C (dec). 

I.R. (Nujol) 3300, 3150, 1770, 1720, 
1670, 1620, 1520 cm" 1 
30 (59) 7-[2-Methoxyimino-2-(5-phosphonoamino-l,2,4- 
• thiadiazoi- 3-yl) acetamido] - 3- (1 , 3 , 4- thiadiazol -2 -y 1) - 
thiomethyl-3-cephem-4-carboxylic acid (syn isomer), 
mp. 140 to 145 8 C (dec). . . 

I.R. (Nujol) : 3180, 1765 , 1670, 1515 cm". 
35 (60) 7-[2-Methoxyimino-2-(5-amino-l,2,4- 
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thiadiazol-3-yl) acetamido] -3- [1- (3-aminopropyl) - 
1H- te trazo 1-5 -yl ] thi omethyl- 3-cephera- 4- carb oxy lie 
acid (syn isomer), mp. 185 to 190°C (dec). 

I.R. (Nujol) : 3300, 3200, 1770, 1670, 1610, 
5 * 1530 cm" 1 

^gj^ 7-[2-Isopropoxyimino-2-(5-amino-l,2,4- 

thiadiazol-3-yl) acetamido]- 3- (S-aminomethyl-1 , 3,4- 
thiadiazol-2-yl)thiomethyl-3-cephem-4-carboxylic 

acid Csyn isomer), mp. 210 to 21S°C (dec). 
10 I.R. (Nujol) : 3350, 3200, 1750, 1670, 

1620, 1530 cm" 1 

(62) 7- [2-Isopropoxyimino-2-(5-amino-l,2,4- 
thiadiazol-3-yl) acetamido] -3- [1- (2-aminoetbyl)-lB- 
tetrazol-5-yl]thi6methyl-3-cephem-4-carboxylic acid 

IS (syn isomer), mp. 195 to 200°C (dec). 

I.R. (Nujol) : 3350, 3250, 1775, 1680, 1620,. 
1530 cm" 1 

(63) 7-[2-Methoxyimino-2-(5-amin.o-l,2,4- 
thiadiazol-3-yl)acetamido]-3- [1 -{1-Caminome thy Methyl) - 

20 iH-tetrazol-S-yl]thiomethyl-3-cephem-4-carboxylic 
acid (syn isomer), mp. 190 to 195°C (dec). 

I.R. (Nujol) : 3350, 3230, 1770, 1670, 1620, 
1530 cm" 1 

(64) 7- [2 -Me thoxyimino - 2 - (5 - f ormamido- 1,2,4- 

25 thiadiazol-3-yl)acetamido]-3-(l-methyl-lH-tetrazol- 
5-yltaiomethyl)-3-cephem-4-carboxylic acid (syn 
isomer), mp. 170 to 17S°C (dec). 

I.R. (Nujol) : 3300, 1780, 1680 cm 

(65) 7" [2-Methoxyimino-2-(5-amino-l,2,4- 

30 thiadiazol-3-yl)acetamido]-3-(l-methyl-lH-tetrasol- 
S-ylthiomethyl)-3-cephera-4-carboxylic acid (syn 

isomer), mp. 170 to 175 °C (dec). ^ 
I.R. (Nujol) : 3300 B 1770, 1660, 1610, 1520 cm 

(66) 7-[2-Meth.oxyimino-2-(5-amino-l,2,4- ^ 
35 thiadiazol-3-yl)acetamido]-5-(5-methyl-l,3,4- 
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thiadia2ol-2-ylthiomethyl)-3-cephem-4-carboxylic 
acid (syn isomer), mp. 175 to 18Q°C (dec). 
t.R. (Nujol)-: 33S0, 178*0, 1680, 1625, 
! 15 30. cm" 1 . 

(67) * • 7- [2-Methoxyimino-2-(5-amino-l,2,4- 
th'iadiazol-3-yl) acetamido]-3- Cl,3^4-thiadiazpl-2- 
ylthi*omethyl>3-cepHem-4-carboxy.lic acid (syn isomer), 
mpV 172 tol77*C (dec)-. ? .» , . . ; - ^ - 

1 -I.R. (Nujol) : 3350,- 1775,. 1680,;. 1626, 15 30 cm" 1 

(68) .■ 7-[2-Methoxyimiiio-2-(5-amiiiorl,2. > 4- 
thiadiazol-3-yl)ace.tamido]-3-(l-allyl-lH-tetrazol- 
S-ylthiomethyl) r3-cep}xem-4-carboxylic. acid .(syn 
isomer), .mp. 170 to 172?C (dec). 

I/R.- :(Nujol) : -3350, 1780, 168Q-, 1625, 1530 cm" 1 
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A solution of 7- [-Z-methoxyimino^- (5-amino- 
1 f 2,4-thiadiasol-3-yl) acetamido-] -3- 2- (N-t- 
butoxycarbonylamino) ethyl} -lH-tetrasol-5-yl]- 
5 t h.iomethyl-3-cephem-4-carboxylic acid (syn isomer] 
(2.0 g) in 99% formic acid (20 ml) was stirred for 
2.5 hours at ambient temperature. The mixture was 
evaporated to dryness and the residue was dissolved 
in an aqueous solution of sodium bicarbonate and 
10 adjusted to r.pH 3 with 10% hydrochloric acid. A 
resulting precipitate was filtered off and the 
filtrate was subjected to column chromatography "on 
non ion adsorption resin (Diaioh HP 20) (Trademark: 
prepared by Mitsubishi Chemical Industries). The 
IS column was washed with water and eluted with -50% 
aqueous methanol. The eluate was evaporated to 
remove methanol and then lyophilized to give 7-[2- 
methoxyimino- 2- (S-amino-1 , 2 , 4-thiadiazol-3-yl) - 
acetamido] -3- [1- (2- amino ethyl) -lH-tetrazol-5-yl]- 
20 thiomethyl-3-cephem-4-carboxyiic acid (syn isomer) 
(250 mg). mp 200 to 20 5 "C (dec.) 

I.R. (Nujol) : : 3350, 3200, 1775, 1670, 1620, 

'■ 1530 cm" 1 . 
N.M.R. (dg-DMSb, 5) : 3.47 (2H, broad s) , 
25 3.60 (2H, broad s), 3.93 (3H, s) , 

4.2 (2H, broad s), '4.37 (2H, bToad s), 
4.78 (2H, broad s), 5.03 (1H, d, J-4Hz) , 
5.70 (1H, dd, J-4 and 8Hz), 8.10 (2H,s) 
9.50 (1H, d, J-8Hz) 
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A solution of 7- [2-metaoxyimino-2- (S-amino- 
l^^-thiadiazol-S-yl) acetamido]-3- [l-{3- (N-t- 
b u t oxycarb ony 1 amino ) p r opy 1 } - 1H- te tras q 1 - 5 -y 1 ] - 
5 thiomethyl-3-cephem-4-carboxylic acid (syn isomer) 

(2.22 g) in formic acid (22 ml) was stirred for 
2.5 hours at ambient temperature. The reaction 
mixture -was post-treated in. a conventional manner 
to give 7-[2-methoxyinino-^(5-aridno-l,2,4- 
10 thi adiaz ol - 3 -yl) acetamido ] - 3- [1 - ( 3- aminop ropy 1 ) - 1H - 

tetxarol-S-yl]thiomethyl-3-cephem-4-carbbxylic acid 
(syn isomer) (0.875 g), mp. 185 to 190°C (dec). 

I.R. (Nujol) : 3300, 3200, 1770, 1670, 1610, 



15 



30 



1530 cm" 1 



: N.M.R.. (dg-DMSOfD^O, 6) : 2.0-2.33 (2H, m) , 

2.67-3.0 (2H, m), 3.40-3.70 (2H, : m) , 
3.93 (3H, s), 4.10-4.67 C4H, m) , 
5.03 (1H, d, J»5Hz), 5.75 (1H, d, 
J=5Hz) 

20 ' Example" 24 

The following compounds were obtained according 
to similar manners to those of ." Examples' 22 23. 

(1) 7-[2-Methoxyimino-2-.(5-amino.-l,2,4- 
thiadi azol - 3-yl) ace tamido ] - 3 - (5 - aminome thyl - 1 , 3 , 4 - 
25 thiadiazol-2-yl)thiomethyl-3-cephem-4-carboxylic acid 
Csyn isomer), mp 21Q-215°C Cdec.) .. .. 

I.R. CNujol)- : 3350, 320Q, 1770, 1680,. 162Q cm" 1 
N.M-.R. (d 6 -DMSO, $) : 3.60 C2H, broad s), 3.93 

(3H, s), 4.33 and 4.57 (2K, ABq, J»13H=) , 
4.43 (ZH, s), 5.10 (1H, dj J-4H:) , 5.77- 
(1H, dd, J=4 and 8Hz) , 8.17 (2H, s) , 
9.50 (1H, c, J=8Hz) 
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(2) 7-[2-Methoxyiaino-2-C5-amino-l»2,*- 
thiadia S ol-3.ylHcetamidQ3-3-[5-(2-aminoethylD-l,3,4- 
tlliadIa= 0 l-2-yllthionethyl-3.cepliea»4-caTboxylic acaa- 

(syn isomer), mp 20S to 210°C (dec.) * 
I.R. CNujol) : 3200, 1770, 1670, 1620, xSaO cm 

(3) 7-[2-Ethoxyimino-2-(5-amino-l,2,4- 
thiadiazol-S-yDacetamido!} -3- (S-amiaomethyl-1 ,3,4- ^ 
thiadiazol-2-yl) thio^thyl-S-cephem^^carboxylic acid 
(syn isomer). *P 193 to 205'C Cdec) • 

I.R. CNujol) : 3350, 3250, 1775, 1680, 1620,- 
1535, 1380, 1040 cm 

(4) 7-[2-Ethoxyimino-2-(5-amino-l,2,4- 
thiadiarol-S-yDacitanidol-S-tl-CS-aminopropyD-lH- 
tetraiol-S-yllthio^ethyi-S-cephem^-carboxylxc ecu 

I s (syn isomer), mp 182 to 18S«C (dec.) 

I.R. CNujol) i 3350, 3200, 1770, 167Q. 1620, 

1530, 1380, 1040 cm 
N.M.R. (d.,BJfO.- O : 1.27 C 3H, t, J-THd , 

2!l7' C2H, m), 2.83 (2H, a) , 4.17 (2H, 
20 , q , J-7KS), 3.7-4.7 (6H, m) •, 5.00 (1H, 

d, J-4.5H2), 1 5.70 C1H, dd 9 J-4.5 and 
8.0HS), 8.17 (2H, broad s) , 9.33 (IK, d, 
J»8.0Hs) f 

C5) 7-[2-Ethoxyimiad-2-(5^amino-lj2,4- 
thiadia Z ffl«3-yl)acetamidc]-3- [1- (2-wiMettyI) -1H- 
tetrazol-S-yl]thiometiiyi-3-C3plieia-4-carbo3r/lic acl* 

(syn isomer), mp 195 to 21Q°C (dec.) 

I.R. CNujol) : 3340, 3210, 1770, 1675, 1620, 

1530, 1380, 1040 cm A 
N.M.R. (d 6 -DMS0+D 2 O, 5) :-'l._26 (33, t, J-7Hs) . 
3.0-3.7 (4K,- a) , .4. 0-4.5 (4H, n) , 
4.66 (2H, m), 3.0-3 (1H, d, J-4.SHs), 
5.70 (1H, d, J-4.SH2) 
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(6) 7- [2-Isopropoxyimino-2-(5-amino-l,2,4- 
thiadiazol - 3-yl) acet amido ] - 3- CS - aminomethy 1 - 1,3,4- 
thiadiaz ol- 2 -y 1) thiome thyl- 3-cephem- 4-carb oxy lie 
acid (syn isomer), mp. 210 to 21S°C (dec). 

I.R. (Nujol} : 3350, 3200, 1750, 1670, 1620, 
15 30 cm" 1 

N.M.R. (d 6 -IMSO, fi) : 1.30 (6H, d, J»6Iiz), 

3.67 (2H, broads), 4.20-4.83 (5H, m) , 
5.13 (1H, d, J»4Hz), 5.80 (1H, dd, 
J=4 and 8Hz) , 8.13 (2H, s) , 9.43 (1H, 
d, J»8Hz) 

(7) 7- [2-Isopropoxyimino-2-(5-amino-l,2,4- 
thiadiaz ol- 3-yl) acet amido ] -3- [1- (2 - aminoethy 1) - 1H- 

tetrazol-5-yl]thiomethyl-3-cephem-4-carboxylic acid 
15 (syn isomer), mp. 195 to 200°C (dec). 

I.R. (Nujol) : 3350, 3250, 1775, 16 80, 1620, 
1530 cm" 1 

N.M.R. (d 6 -DMSO, 5) : 1.27 (6H, d, J=6Hz) , 

3.47 (2H, broad s) , 3.6 7 (2H, broad s) , 
20 4.27 (2H, broad s) , 4.33-4.57 

(1H, m), 4.6 7 (2H, broad s) , 5.10 (1H, 
d, J=4Hz), 5.83 (1H, dd, J=4 and 8Hz) , 
.8.17 (2H, s), 9.47 (1H, d, J-8Hz) 

(8) 7- [2-Methoxyimino-2-(S-amino-l,2,4- 

25 thiadiazol-3-yl)acetamido]-3- [l-{l- (andnomethy^ethyl}- 

lH-tetrazol-5-yl] thiome thyl-3-cephera-4-carboxylic 
acid (syn isomer), mp. 190 to,195°C (dec). 

I.R. (Nujol) : 3350, 3230, 1770, 1670, 1620, 



30 



15 30 cm" 1 



N.M.R; (d 6 -DMSO+D 2 0, 6) : 1.23-1.70 (3H, m) , . 

3.10-3.80 (4H, . m), 3.92 (3H, s) , 
4.0-4.5 (3H, m), 5.05 (1H, d, J=5Hz) , 
5.73 (LH, d, J=5Hz) 
(9) 7- [2-Methoxyimino-2-(5-amino-l,2,4- 
35 thiadiaz ol-3-yl) acet amido] -3- (5- amino- 1,3,4- 
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thi adia zol - 2 -y I) thi ome thyl- 3-cephe ci- 4- 
carboxylic acid (syn isomer), mp. 165 to 170°C 

(dec.)* 

I.R. (Nujol) : 3350, 3210, 1770, 16 70, 1620, 
1520 cm" 1 
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What we claim is: 

1. New cephem compounds of the formula: 
R 1 -! C-COHN — r S V- R3 



wherein is ammo or a protected amino. 
2 

R is lower alkyl, 
3 

R is hydrogen or lower alkyl, 
R* is hydrogen, acyloxy (lower) alkyl, 

acylthio (lower) alkyl or a heterocyclicthio- 
. (lower)alkyl which may be substituted with 
suitable substituent (s) and 
15 R 5 is carboxy or a protected carboxy, and 

pharmaceutical ly acceptable salt thereof, 

Syn isomer of a compound o£ claim 1, wherein rU?~&_ 
• group is N~ ^~ . . 

3. A compound of claim 2, wherein R is hydrogen, 

4. A compound of claim 3, wherein R* is amino or lower 
25 alkylidene amino substituted with di (lower) alkylamino 

- - and R^ is hydrogen. 

5„ A compound of. claim 4, wherein R S is carboxy or 
ar (lower) alkoxycarbonyl which may be substituted 
3D with nitro. 

6. A compound of claim 5, wherein R 5 is carboxy or 
phenyl (lower) alkoxycarbonyl substituted with nitro. 

3!5 7. A compound of claim 6, wherein R 1 is amino or , 
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2 

1 dime thylaminomethylene amino, R is methyl, ethyl 
or isopropyl and R 5 is carboxy or 4-nitrobenzyloxy- 
carbonyl. 

5.8. A compound of claim 3, wherein R 1 is amino, R 4 is 
acyloxy (lower) alkyl and R S is carboxy. 

• .9 . A compound of claim 8, wherein R 4 is lower 
alkanoyloxy (lower) alkyl. . "' 

10 10.. A compound of claim 9, wherein R is lower 
alkanoyloxymethyl. ' 

11 . A compound of claim 10, wherein R is methyl, 

ethyl or isopropyl and R 4 is acetoxymethyl. 

12 . A compound of claim 8', wherein R 4 is carharaoyloxy- 
15 (lower) alkyl . 

if — " V ; n 4 . 

j |13-. A compound of claim 3, wherein R is ammo, R is 
: ! acylthio (lower) alkyl and R S is carboxy. 

! | 4 -. • ■ 

20 14 . A compound of claim 13, wherein R is lower . 
| ' alkanoylthio (lower) alkyl. ! 

i ; . ■ • » 

! * 1 * 4 

15 . A compound o£ claim 14, wherein R is lower 

i alkanoylthiomethyl . : 

,16. A compound of claim 3, wherein R is a heterocyclic - 

i thio flower) alkyl which may be substituted with 

5 

suitable substituent(s) and R is carboxy. 

i t ! 

\ 3017. A compound of claim 16, wherein. R 1 is amino, lower 
alkanoylamino or phosphonoamino and R . is 

! thiadiazolylthio (lower) alkyl, thiazolinylthio (lower) - 

; alkyl, tetrazolylthio(lower) alkyl, triasolylthio- 

(lower) alkyl, pyrazinylthio (lower) alkyl, 

• 35 tetrazolopyridazinylthio Glower) alkyl or dihydro- 
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1 triazolopyridazinylthio(lower) alkyl , each of vrhich 

may b*e substituted with one or two lower alkyl, 
lower alkenyl, hydroxy (lower) alkyl, amino (lower) - 
alkyl, protected amino (lower) alkyl, lower alkenyl - 
5 . thio, lower alkoxy (lover) alkyl , lower alkylthio- 
. '(lower) alkyl, acylaraino (lower) alkyl, acyl(lower)- 
alkyl, carboxy, esterified caTboxy, sulfo(lower) - 
alkyl, di (lower) alkylamino (lower) alkyl, carboxy- 
(lower) alkyl, amino, carboxy (lower) alkylthio, oxo, 
10 haio (lower) alkyl or lower alkylamino. 

18. A compound of claim 17, wherein R 1 is amino or 

4 

/, phosphonoamino and R is thiadiazolylthiomethyl 
which may be substituted' with one lower alkyl, 
15 hydroxy (lower) alkyl, amino (lower) alkyl , lower 

alk.oxycarb onylamino (lower) alkyl , lower alkenyl thio, 
' lower alkoxy (lower) alkyl, lower alkanesulfonylanri.no- 
(lowfeT) alkyl, lower alkanesulfonyl (lower) alkyl, 
carboxy, lower alkoxycarbonyl, amino, carboxy - 
20 ' ' ' (lower) alkyl thio, halo (lower) alkyl f lower 
alkylamino or lower aikyltMoUowerJaliyl. 

19- A compound of claim 1Q wherein, thiadiazolylthio- 
methyl for R 4 is 1,3,4-tfciadiazolylthiomethyl or 
25 1,2,4-thiadiazolylthiomethyl. 

20. A^compound of claim 19, wherein R 1 is amino, 

R is methyl, ethyl, propyl or isopropyl and R 4 is 
. 1,3, 4 -thiadiazolylthiomethyl which may be substituted 
30 with one methyl, propyl, hydroxymethyl , hydroxyethyl , 

aminomethyl, aminoethyl, t-butoxycarbonylaminomethyl, 
allylthio, methoxymethyl, methylthiomethyl, 
•. ; mesylaminomethyl, mesylmethyl, amino, carboxynethyl- 
thio, trifluoromethyl or methylamino, or 1,2,4- 
35 thiadiazolylthiomethyl substituted with methyl, 

allylthio, carboxy or methoxycarbonyl . 



0007470 

126 

1 21 . A compound of claim 17, wherein R* is amino and 
R 4 is thiazolinylthiomethyl . 

22. A compound of claim 17, wherein R 1 is amino or 
5 lower alkandylamino and R 4 is tetrazolylthiomethyl 
substituted with one lower alkyl, lower alkenyl, 
hydroxy (lower) alkyl, amino (lower) alky 1, lower 
alkoxycarbonyl amino (lower) alkyl, lower alkanoylamino- 
(lower)alkyl, lower alkoxy (lower) alkyl , lower 
10 alky lthio (lower) alkyl, sulfo (lower) alkyl , di (lower)- * 
I alkylamino (lower) alkyl or ca rboxy (lower) alkyl . 

1 - 2 

23 . A compound o£ claim 22» wherein R is amino, R 

! is methyl, ethyl or isopropyl and R is tetra- 

= 15 zolylthiomethyl substituted with one methyl, 

propyl, isopropyl, allyl, hydroxyethyl, aminoethyl, 

aminopropyl, 1-aminomethylethyl, t-butoxycarbonyl- 

1 aminoethyl, t-butoxycai^bonylaminopropyl, 1-t- 

J butoxycarb onylaminomethylethyl , ace tamidopropy 1 > 

j 20 l-acetamidomethylethyl, methox)T)ropyl, methylthio- 

i methyl, sulfomethyl, dime thy laminoethyl, 

j . , dimethylaminopropyl, carboxymethyl or carboxyethyl. 

t I 2 % A compound of claim 17, wherein R 1 is amino and 

* 25 R 4 is triazolylthiomethyl substituted with one 

lower alkyl, lower alkenyl or lower alkoxy (lower) - 
; alkyl. 

! 25. A compound of claim 24, wherein R is methyl and 
J 30 R 4 is triazolylthiomethyl substituted with one 
methyl, propyl, allyl or methoxypropyl . 

! 

' 26. A compound of claim 17. wherein R 1 is amino and. 
! R* is pyrazinylthiomethyl. 

• 35 
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27« A compound o£ claim 17, wherein R 1 is amino and 
R 4 is tetrazolopyridazinylthiomethyl , 

2 

28» A compound of claim 27, wherein R 'is methyl, 
ethyl or isopropyl. 

29-. A compound, of claim 17 , wherein R 1 is amino and. 

. R 4 i$ dihydrotriazolopyridazinylthiomethyl sub- 
1 stituted with .oxo and carb.Qxy( lower) alkyl, 

130.. A compound of claim 29, wherein is methyl and 

4 " " 

j R is dihydrotriazolopyridazinylthiomethyl sub- 
stituted with oxo and carboxymethyl . 

1 3 

15 31 . A compound of claim Z % wherein R is amino* R is 
! . lo.wer alkyl, R 4 is hydrogen and-R 5 is carboxy. 

'32^ A ptocess ; fof preparing new cephem compounds of 
the formula; 

20 



10 



25 



r 1 .J? C-CONIi-r- 




. OR 2 

wherein R 1 is amino or -a protected amino, 

R 2 . is. lower alkyl, 
3 

R is hydrogen or lower alkyl, 
, R 4 is hydrogen,- acyloxy (lower) alkyl , 

, acylthio (lower) alkyl or a heterocyclicthio- 

i 30 ; (lower) alkyl which may be substituted with 

| -suitable substituent (s) and *. 

; A .. . R^ is carboxy "or a protected carboxy, or 

pharmaceutical^ acceptable salt thereof, which com- 
prises reacting a compound of the formula: 
35 . • •. . 



Qkicnrvin- -co <wv7,onAo i >. 
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wherein R 3 , R 4 and R are each, as defined above, or 
its reactive derivative at the amino group or a salt 
thereof, with a compound of the formula: 



10 




15 wherein R 1 and R 2 are each as defined above, or its 
reactive derivative at the carboxy group or a salt 
thereof. 

20 55^' A process for preparing a compound of the 
formula: 



25 



COOH 



wheTein R 1 is amino or a protected amino, 
R 2 is lower alkyl, 
R 3 is hydrogen or lower alkyl, and 

30 r 4 i S hydrogen, acyloxy (lowet) alkyl , 

acylthio (lower) alkyl or a heterocyclicthio- 
(lower) alkyl which may be substituted with 
suitable' substituenit (s) , or 
pharmaceutically acceptable salt thereof, which com- 
prises subjecting a compound of the formula: 



35 



aucrwiirv -co nnmAJOAo t > 



OUO/4/0 



15 



30 
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r.r rvMw s& X o 3 



■ ■ 0R ' Sa 

5 •- R " • • : - 

1 2 3 4 . 

wherein R , R , R and R are. each as defined above 

and R 5a is a protected carboxy, or a salt thereof, to 

elimination reaction of the protective, group of 

10 carboxy. . . ; . 

34 . 'A process £6r preparing a compound of the 
formula: 



R 1 -!."^ C-CONH-r — f S—R 3 
XcxN I J , J— A.c.i,4h 



•sr" n 



OR 2 R S 



20 wherein R* is amino or a protected amino, 
RT is lower allcyl, * 
R is hydrogen or lower, alkyl, 
R 4t is . acyl or a heterocyclic group 

* which may be substituted with suitable 
25 substituent (s) , . 

R S is carboxy or a protected carboxy, and 
A. is lower alkylene j or 
pharmaceutically acceptable salt- thereof, which com- 
prises reacting a compound of the formula: 



JLJl C-CONH- 
OR* 




35 



Bwcnnr irv -cd rw\-t Amio i ^ 



• 



10 



15 



l 



i 25 



30 
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' wherein R 1 , R 2 , R 3 ,R 5 and A are each as defined above 
i and R* a is a group which can be substituted by a group 
R^k-S- wherein is as defined above, or a salt 
thereof, with a compound of the formula: 

5 

R 4b -SH 

wherein R* b is as defined above, or its reactive 
derivative at the me reap to group. 



35. A process for preparing a compound of the formula: 
, N -1\ JS 3 



wherein R is amino or a protected amino, 
2 

R is lower alkyl, 
R is hydrogen or lower alkyl, 
20 R 4d is a heterocyclicthio (lower) alkyl sub- 

stituted with amino (lower) alkyl or amino and. 
R S is carbory or a protected carboxy, or 
pharmaceutically acceptable salt thereof, which comprises 
subjecting a compound of the formula; 



Lz 0 I 



OR 



R S 



wherein R 1 , R 2 , R 3 and R 5 are each as defined above 
and R 4c is a heterocyclicthio(lower)allcyl substituted 
with protected amino(lower) alkyl or protected amino, 
or a salt thereof, to elimination reaction of the 
protective group of amino. 
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36. A compound of the formula: 

N. 



COOH 



* 2 

oir 

1 2 
wherein R is amino or a protected amino and R is 

lower alTcyly 

10 and its reactive derivative at the carboxy group and 
salt thereof. 



37 . Syn isomer of a compound of claim 36 * wherein 



SI ou P U r1 _^ "J 



15 

'3'8' . A compound of claim ..37, wherein R^" is amino. ' 

39.. A process for preparing a. compound of the 

20 formula: n — r — C-COOH 



OR 2 



2 

wherein R is lower alkyl or a salt thereof, which 
comprises subjecting a compound of the formula: 

C-COOH 



N-rt-C- 

6r 2 



wherein R 2 is as defined above and R* a is a protected 
amino, or a salt thereof, to elimination reaction of 
35 the protective group of amino. 
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.40. A process for preparing a compound of the 
formula : 

N_— C-C00H 



OR 2 

wherein R 1 is amino or a protected amino and R is 
lower allcyl, or a salt thereof, which comprises 
subjecting a compound of the formula: 

N^v— COCOSR 7 



wherein R la is a protected amino and R 7 is lower 
alkyl, to hydrolysis and further reacting the result- 
ing compound with a compound of the formula: 



R 2 -ONH 2 



wherein R 2 is as defined above or a salt thereof. 

41. A pharmaceutical antibacterial composition 
comprising a compound of claim 1 or pharma- 
ceutically acceptable salt thereof in 
association with a pharmaceutical ly 
acceptable, substantially non- toxic carrier or 
excipient. 

30 42. A method for producing a pharmaceutical anti- 
bacterial composition ^^hich comprises mixing 
a compound of claim 1 or pharmaceutical ly 
acceptable salt thereof as an active ingredient 
with an inert carrier. 

35 
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3 
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IN 

o 
o 



TT 



C-C0HK 
II 

N ' 

* 2 
OR 



wherein R 1 is amino or a protected amino, 
R 2 is lower aikyl 
R» is hydrogen or lower aikyl, 
R 4 is hydrogen, acyloxy (lower) aikyl, acylthio 
(lower) alkyi or a heterocyciicthio (lower) aikyl 
which may be substituted with suitable sub- 
stituent(s) and 
R s is carboxy or a protected carboxy, and 
pharmaceutical^ acceptable salt thereof and process for their 
preparation, and also a pharmaceutical composition compris- 
ing, as an effective Ingredient, the above compound in associ- 
ation with a pharmaceutically acceptable, substantially non- 
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toxic carrier or excipient The Invention also relates to the 
starting compounds 

ft ' M ^ 

R; 

and their preparation. 
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